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INTRODUCTION 

Having  read  laboriously  through  a  great  mass  of  the 
writing  which  has  appeared  upon  the  subject  of  State  in- 
dustries during  the  last  twenty-five  years,  the  writer  is 
amazed  at  the  futility  of  most  of  the  attempts  to  prove  or 
disprove  the  desirability  of  public  ownership.  Many  who 
have  made  some  study  of  the  data  necessary  for  compara- 
tive purposes  have  entered  upon  the  task  with  strong  pre- 
possessions and  prejudices,  and  have  accordingly  seemed 
to  find  the  conclusions  which  they  had  hoped  to  reach. 
Some  have  grievously  ignored  many  significant  considera- 
tions; while  others  have  endeavored  to  particularize  too 
minutely  or  to  prove  too  much.  The  more  careful  his  study, 
however,  the  less  inclined  is  the  investigator  to  draw 
sweeping  conclusions,  and  the  more  ready  will  he  be  to  do 
full  justice  to  both  sides  of  the  argument. 

Probably  the  day  has  passed  for  seriously  debating  the 
feasibility  of  public  ownership  or  operation  of  those  enter- 
prises which  directly  involve  the  health  and  safety  of  a 
community.  Yet  there  remains  a  large  group  of  industries 
which  are  carried  on  primarily  as  commercial  undertak- 
ings. Of  this  group,  electric  lighting  is  the  only  business 
which  has  thus  far  been  generally  attempted  by  public 
bodies  in  the  United  States.  As  to  whether  the  public 
should  engage  in  other  forms  of  activity,  particularly  the 
agencies  of  communication  and  transportation,  the  dis- 
cussion in  the  future  will  doubtless  be  carried  on  with 
increasing  intensity.  In  the  meantime  the  experience 
which  the  United  States  is  gaining  in  the  operation  of  our 
railroads,  and  telephone  and  telegraph  systems  as  a  result 
of  abnormal  war  conditions,  will  furnish  us  with  some  light 
on  the  possibilities  of  a  nationalization  of  these  industries. 


2  INTRODUCTION 

As  municipal  electric  lighting  is  now  a  well-seasoned 
business  in  this  country,  it  affords  the  most  fruitful  field 
for  an  investigation  of  the  results  of  public  ownership. 
Hence  the  writer,  wholly  impartial,  holding  no  brief  for 
either  side,  has  selected  for  the  present  comparative  study 
one  small  portion  of  the  field  —  Municipal  Electric  Light- 
ing in  Massachusetts.  This  selection  is  made  because  of 
the  fact  that  probably  for  no  other  public  industry  in  the 
United  States  is  it  possible  to  secure  even  reasonably  com- 
parable data  over  a  period  of  years,  and  adequate  records 
for  the  purpose  are  to  be  found  only  in  the  State  of  Mas- 
sachusetts.^ The  aim  of  this  book  is  to  suggest  and  exem- 
plify those  methods  of  approach  and  investigation  which 
may  most  profitably  be  followed  in  future  studies  of  the 
problems  of  municipal  or  state  ownership,  rather  than  to 
make  any  startling  contributions  to  an  already  over- 
worked field. 

Most  of  the  statistical  data  on  which  the  computations 
for  this  study  are  based,  have  been  gathered  laboriously 
from  the  annual  returns  filed  with  the  Massachusetts 
Board  of  Gas  and  Electric  Light  Commissioners  by  the 
individual  electric  plants,  as  well  as  from  numerous  other 
State  documents.  None  of  the  work  at  any  stage  has  been 
delegated  to  others.  In  making  his  selections,  the  writer 
has  carefully  examined  the  returns  of  about  100  municipal 
and  company  plants  for  the  ten-year  period  1905-15.  Of 
these,  72  plants,  all  39  of  the  former  and  32  of  the  latter, 
form  the  basis  of  this  study.  Unfortunately  the  retm-ns  are, 
for  such  comparison  as  is  here  attempted,  distressingly 
inadequate.   Absolutely  no  data  are  worked  out,  and  not 

^  Useful  data  for  a  much  more  extensive  though  probably  less  con- 
clusive study  are  being  secured  in  connection  with  the  1917  Census  of 
Central  Electric  Light  and  Power  Stations  in  the  United  States,  on  which 
the  writer  is  now  serving  as  the  expert  in  charge.  Some  interesting 
analyses  of  the  available  material  will  be  made  in  the  Fourth  Quinquen- 
nial Report  of  this  industry,  which  is  being  compiled  by  the  author  of 
the  present  book  and  which  should  be  published  during  the  coming  year. 


INTRODUCTION  S 

a  single  relation  Is  deduced.  Only  the  rawest  of  raw  mate- 
rial is  given.  This  fact  has  necessitated  a  rather  involved 
series  of  computations.  Countless  mathematical  operations 
were  needed  in  order  to  get  the  data  in  such  shape  that 
relations  could  be  determined  and  arranged  for  presenta- 
tion. 

Furthermore,  in  a  majority  of  instances,  the  returns, 
particularly  of  the  municipal  plants,  have  been  revised 
and  corrected  by  a  mass  of  detailed  correspondence  be- 
tween the  Board  and  the  separate  plants.  All  of  this  cor- 
respondence, which  in  many  cases  exceeds  in  volume  the 
returns  themselves,  has  been  carefully  noted.  To  add  to 
the  difficulties  of  the  student,  the  returns,  even  after  this 
auditing  by  the  Board,  have  frequently  been  found  to  be 
exasperatingly  inconsistent  with  themselves  or  with  those 
of  the  preceding  or  following  yea^s.  This  has  been  par- 
ticularly true  with  regard  to  some  of  the  engineering  data, 
and  the  figures  for  the  connected  load  and  the  output  and 
disposal  of  current.  Under  these  circumstances  the  writer 
has  occasionally  found  it  necessary  to  use  his  best  judg- 
ment in  interpreting  this  material  in  the  light  of  all  the 
data  available.  In  many  cases  the  simple  information  re- 
quired has  been  absent  altogether.  Mention  will  be  made 
of  all  these  irregularities  as  they  arise  in  course  of  the 
discussion.  Finally,  many  highly  important  data  are  not 
at  present  called  for  by  the  Board. 

The  Annual  Reports  of  the  Board  have  been  of  prac- 
tically no  use  in  this  part  of  the  investigation.  In  them 
only  the  barest  general  summaries  of  a  few  items  in  the 
returns  are  given.  And  even  this  material  is  frequently 
inaccurate,  not  because  it  has  been  incorrectly  transcribed 
from,  the  returns,  but  because  the  data  in  the  returns 
themselves  are  incorrect  or  inconsistent  and  have  not  been 
checked  up.  Needless  to  state,  the  data  for  gas  companies 
have  been  somewhat  more  carefully  worked  out.  It  must 
not,  however,  be  inferred  that  the  writer  speaks  thus 
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frankly  for  the  sake  of  criticizing  the  admirable  work  of 
the  Massachusetts  Board  of  Gas  and  Electric  Light  Com- 
missioners. Rather,  he  merely  wishes  to  suggest  some  of 
the  diflSculties  which  are  bound  to  beset  any  one  who 
attempts  to  make  a  careful  study  of  the  records  in  such  a 
subject  as  this.^  * 

But  a  study  of  this  sort  lacks  life  and  fails  to  command 
the  full  confidence  of  the  public,  if  it  has  consisted  only  of 
an  interpretation  of  the  documents  which  are  filed  away 
in  musty  public  archives,  invaluable  though  they  be.  The 
desirability  of  a  personal,  first-hand  knowledge  of  the 
various  plants  studied,  a  close  acquaintance  with  the  local 
background,  became  increasingly  evident  to  the  writer  as 
his  work  progressed.  Accordingly,  after  having  thoroughly 
and  sympathetically  analyzed  the  recorded  data  for  each 
plant,  after  having  secured  from  all  sources  available  the 
information  which  is  significant,  and  after  having  carefully 
studied  many  of  the  fundamentals  of  the  electric  lighting 
business,  both  theoretically  and  from  a  practical  point  of 
view,  as  revealed  by  typical  plants  which  are  not  on  the 
present  list,  he  arranged  a  painstaking  survey  of  the  plants 
under  consideration. 

The  methods  used  in  carrying  on  this  portion  of  the 
investigation  are  fully  set  forth  in  the  proper  place.^ 
Suffice  it  to  say  in  this  connection,  however,  that  the  18 
municipal  plants  in  the  State  which,  prior  to  1915,  gen- 
erated current,  were  visited,  as  well  as  most  of  the  cor- 
responding group  of  companies.  In  addition,  the  writer 
went  to  a  reasonable  number  of  the  purchasing  plants 
under  both  forms  of  management.  And,  finally,  by  means 
of  schedules,  extensive  correspondence,  and  conversation 
with  those  in  a  position  to  know,  information  was  secured 

1  In  fairness  it  should  be  said  that  recently  a  few  changes  and  im- 
provements have  been  introduced  in  the  return  forms  and  in  the  yearly 
reports,  in  accordance  with  suggestions  which  the  writer  has  from  time 
to  time  made. 

*  Chapter  x. 
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regarding  the  less  important  plants,  which  it  was  not  pos- 
sible, and  probably  not  necessary,  to  inspect  in  person. 

For  the  most  part  the  data  thus  secured  have  been  dis- 
cussed separately.  The  conclusions  reached  through  this 
portion  of  the  study  have  been  further  tested  by  the  facts 
already  known,  and  have  in  turn  served  as  a  check  upon 
the  deductions  drawn  from  more  purely  statistical  sources. 
Conducting  the  survey  without  prejudice,  the  writer  was 
pleasantly  surprised  to  find  how  closely  the  results  arrived 
at  by  the  different  methods  correspond. 

From  time  to  time  it  has  been  necessary  to  consult  a 
number  of  Massachusetts  State  Bureaus  in  order  to  obtain 
information  not  in  published  form  as  well  as  to  receive 
suggestions  regarding  the  correctness  of  some  of  the  writ- 
er's deductions.  Among  these  may  be  mentioned  the 
Bureau  of  Statistics,  the  Waterways  and  Pubhc  Lands 
Commission,  the  Highway  Commission,  the  departments 
of  the  Secretary  of  the  Commonwealth,  the  Tax  Commis- 
sioner, and  the  State  Forester,  and  the  Industrial  Accident 
Board.  Certain  information  has  also  been  obtained  from 
the  Federal  Census  Bureau  at  Washington. 

The  writer  is  greatly  indebted  to  the  Massachusetts 
Board  of  Gas  and  Electric  Light  Commissioners  for  the 
courtesy  which  they  have  shown  in  answering  his  numer- 
ous questions  and  giving  him  access  to  the  documents  in 
their  possession.  Also,  at  various  stages  of  his  work,  he  has 
conferred  with  or  written  to  a  long  list  of  persons  who  are 
thoroughly  conversant  with  some  phase  of  the  subject 
under  investigation,  including  men  who  are  actively  en- 
gaged in  private  or  public  electric  light  and  power  business, 
electrical  engineers,  public  utility  experts,  accountants, 
lawyers,  professors,  municipal  officials,  and  members  of 
State  commissions.  To  all  of  these,  many  of  whom  have 
contributed  valuable  suggestions  or  have  confirmed  the 
interpretations,  developed  in  this  study,  a  general  acknowl- 
edgment is  here  made. 
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Separate  mention  should  be  made  of  the  debt  which  the 
writer  owes  to  the  managers  of  the  municipal  electric  light 
plants  in  the  State  as  well  as  to  the  officers  and  managers 
of  the  numerous  private  plants  visited  for  purposes  of  com- 
parison. Had  it  not  been  for  the  interest  which  many  of 
them  have  taken  in  the  investigation  and  the  personal 
kindness  received  at  their  hands,  it  would  have  been 
impossible  to  secure  some  of  the  most  important  informa- 
tion included  in  the  present  study. 

Finally,  it  is  but  fair  to  state  that,  whatever  the  author 
may  owe  to  others  for  information  regarding  the  facts 
involved,  he  has  been  absolutely  independent  in  his  method 
of  handling  the  material  at  his  disposal  and  in  drawing 
conclusions  therefrom.  When  the  truth  about  pubUc 
ownership  is  so  beclouded  by  a  mass  of  conflicting  evidence 
and  biased  opinion,  and  when  so  many  personal  interests 
are  at  stake,  it  behooves  the  scientific  student  to  weigh 
well  his  thoughts  and  to  state  as  a  fact  only  that  which  he 
has  carefully  verified;  but,  having  taken  these  precautions, 
he  should  speak  out  boldly,  no  matter  whose  ox  is  gored. 
Accordingly,  the  writer  himself  assumes  full  responsibility 
for  the  findings  herein  presented,  and  trusts  that  the  sub- 
ject has  been  so  handled  that  the  reader  will  be  convinced 
of  the  fairness  of  the  conclusions  which  are  reached. 

Note  to  Readers:  In  conclusion  it  may  be  helpful  for  the 
writer  to  suggest  those  portions  of  this  study  which  can  be 
read  to  most  advantage  by  the  different  classes  of  readers, 
for  not  every  one  has  the  leisure  required  for  mastering  the 
details  of  a  scientific  book.  The  general  reader  will  be  most 
interested  in  chapter  xiv,  which  broadly  summarizes  the 
more  important  conclusions,  in  chapters  x  to  xiii,  inclu- 
sive, in  which  the  results  of  the  Local  Survey  are  discussed, 
and  possibly  in  the  summaries  at  the  end  of  chapters  v  to 
IX,  inclusive.  The  more  careful  student  of  affairs  will  no 
doubt  wish  to  add  chapters  i  to  iii,  and  probably  chapter  ix 
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and  the  summary  at  the  end  of  chapter  iv.  Accountants 
will  doubtless  find  some  food  for  thought  in  chapters  v  to 
vni,  engineers  may  be  particularly  interested  in  chapter 
IV,  while  public  utility  experts  will  naturally  turn  to  all 
of  the  chapters  from  iv  to  viii.  These  three  classes,  also, 
should  find  it  profitable  to  examine  the  Statistical  Appen- 
dix. But  active  men  in  public  or  in  private  electric  light 
and  power  business,  as  well  as  commissioners  and  thorough 
students  of  public  finance,  will  do  well  to  read  all  of  the 
chapters  consecutively,  in  order  fully  to  appreciate  the 
nature  of  the  problems  involved  and  the  significance  of  the 
conclusions  reached. 


THE  RESULTS  OF 

MUNICIPAL  ELECTRIC  LIGHTING 

IN  MASSACHUSETTS 

CHAPTER  I 

A  SURVEY  AND  CRITICISM  OF  THE  LITERATURE  ON  THE 
SUBJECT  OF  MUNICIPAL  ELECTRIC  LIGHTING  IN  THE 
UNITED  STATES 

Though  the  first  municipal  electric  lighting  plant  in  the 
United  States  began  to  operate  in  1881,^  it  was  more  than 
ten  years  later  before  students  of  public  questions  began  to 
take  any  marked  interest  in  this  form  of  public  activity. 
For  the  entire  electrical  industry  this  was  a  period  of 
experiment  —  a  time  when,  according  to  the  well-known 
dictum  of  the  economists,  it  was  obviously  most  unwise 
for  public  authorities  to  risk  the  money  of  the  taxpayers. 
Yet,  probably  due  to  the  fact  that  many  of  the  smaller 
towns  could  not  offer  suflBcient  inducements  to  private 
capital,  2  the  increase  in  number  of  publicly  owned  stations 
was  comparatively  rapid.  In  1892,  so  far  as  it  can  be  ascer- 
tained, the  entire  number  was  235,  or  16.2  per  cent  of  all 
central  stations  in  the  country.'  Ten  years  later  we  find 
an  increase  of  almost  250  per  cent,  to  815,  or  22.5  per  cent 
of  the  total;  ^  while  at  the  end  of  twenty  years,  in  1912,  the 
number  stood  at  1562,  29.9  per  cent  of  the  total,  an  increase 
of  565  per  cent  for  the  period.^    The  number  of  private , 

1  Central,  1902 :  7;  but  cf.  Mun.  Monop. :  203-204. 

2  Ibid.,  1902 :  13;  1907 :  28.  3  /^-(f .^  1902 ;  7,  4  m^, 

^  Ibid.,  1912: 17.  Though  exact  figures  are  not  available,  it  is  probable 
that  the  number  is  at  present  20  or  25  higher  than  here  given.  Cf. 
McGraw,  and  Thompson. 
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plants,  on  the  other  hand,  increased  from  1,219  in  1892  * 
to  2,805  in  1902,2  and  3,659  in  1912,3  a  growth  of  130  per 
cent  for  the  ten-year  period  and  of  only  200  per  cent  during 
twenty  years.* 

Lest  the  foregoing  figures  should  be  misleading,  some 
further  comparisons  and  explanations  are  called  for  in  this 
connection.  In  the  first  place,  on  account  of  the  frequent 
combination  and  amalgamation  of  private  plants  during 
the  past  fifteen  years  or  more,  the  census  reports  at  a  given 
time  fail  to  show  the  real  addition  in  numbers  over  a  period 
of  years.  Also,  in  some  cases,  data  have  been  returned  as 
if  for  a  single  station  when  in  reality  they  covered  a  group 
of  separate  plants  operated  by  a  single  management.^ 
Needless  to  state,  these  restrictions  do  not  apply  in  the 
case  of  municipal  plants. 

Here,  further,  we  must  observe  that,  while  the  number 
of  municipal  plants  was  increased  by  310  during  the  period 
1907-1912,  a  growth  of  about  25  per  cent,  the  increase  in 
the  number  of  company  plants  between  these  dates  was 
less  than  6  per  cent.  This  difference  points  to  some  rather 
important  conclusions.  The  private  plants  appear  to  have 
been  aware  of  the  great  advantages  usually  to  be  gained 
from  consolidation  and  large-scale  operation  in  the  electric 
light  and  power  business,  and  to  have  acted  accordingly. 
The  public  plants,  on  the  contrary,  have,  from  the  very 
nature  of  the  case,  been  unable  or  unwilling  to  follow  this 
policy.  They  have  been  prevented,  no  doubt,  by  local  jeal- 
ousies, by  the  fact  that  they  are  often  widely  scattered, 

^  Central,  1902:  7;  but  cf.  Mun.  Monop.:  203-204. 

*  Cf.  ibid.,  1902:  3,  6,  158;  118  central  stations  operating  in  connection 
with  street  railways  are  not  included  in  the  number  given. 

*  Ibid.,  1912: 17,  18;  169  stations  operated  by  street  railways  are  not 
included. 

^  To  complete  the  data  for  the  electric  light  and  power  business  in  the 
United  States,  the  isolated  stations,  probably  amounting  to  75,000 
should  beadded.  Cf.  Central,  1902:3;  1907:  14;  1912:  17; also  Census, 
N.Y.,  1890:242. 

6  Central,  1907: 28;  1912: 15,  20;  U.S.  Labor,  xrv:  536. ' 
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and  perhaps  by  legal  difficulties.  Accordingly,  though 
the  merging  of  the  former  has  been  very  frequent,  there  is 
a  record  of  only  five  such  cases  among  the  latter  during 
the  years  1902-1912.^  As  a  result  of  the  present  war 
conditions,  the  incentives  to  combination  have  doubtless 
been  increased  to  such  an  extent  that  there  are  now,  in 
all  probability,  fewer  independent,  privately  owned  cen- 
tral stations  than  in  1912. 

Nor  should  we  overlook  the  fact  that,  in  1902,  82.3  per 
cent  of  the  municipal  plants  were  in  towns  having  less  than 
5,000  population,  while  in  1912  the  percentage  had  risen 
to  85.1;  -  in  spite  of  the  very  considerable  growth  in  popu- 
lation within  the  period  which  had  elapsed.  This  fact,  of 
course,  clearly  indicates  that  municipalization  of  the  indus- 
try is  being  confined  in  the  main  to  the  very  small  places, 
where  frequently  private  concerns  have  not  cared  to  go, 
and  where  the  problems  of  operation  are  comparatively 
simple.*  Hence  it  is  reasonable  to  infer  that  most  of  the 
territory  which  seemed  desirable,  so  far  as  private  capital 
is  concerned,  has  been  for  some  time  developed  —  another 
cause  for  the  less  rapid  increase  in  the  number  of  private 
plants. 

Again,  it  is  interesting  to  note  that,  while  the  invest- 
ment in  municipal  plants  was,  in  1902,  4.4  per  cent  of  the 
total  for  both  groups,*  it  had  declined  in  1912  to  3.5  per 
cent,^  a  proportionate  decrease  of  20.5  per  cent,  in  spite 
of  a  proportionate  increase  in  numbers  of  33  per  cent. 
Likewise  the  kilowatt  hours  output  of  the  public  plants 
decreased  from  7.8  per  cent  of  the  total  in  1902  ^  to  only 
4.7  per  cent  in  1912,  a  proportionate  decrease  of  42.3  per 
cent.'  These  relations  appear  clearly  in  the  accompanying 
table. 

1  Cf.  ibid.,  1907:  29,  and  1912:  22.  ^  Ibid.,  1912:  23.  '- 

2  The  recent  municipalization  of  the  Cleveland  plant  is  a  conspicuous 
exception.  It  must  be  remembered,  however,  that  this  plant  serves  only 
a  part  of  the  city.  *  Central,  1902:  6. 

6  Ibid.,  1912: 60.        »  Ibid.,  1902:  6.         ^  Ibid.,  1912: 17. . 
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Finally,  attention  should  be  called  to  the  fact  that  170 
private  plants  were  transferred  to  public  ownership  before 
1902;^  113  additional  transfers  were  made  between  1902 
and  1907;^  and  106  more  between  the  latter  date  and  1912.^ 
On  the  other  hand,  while  only  13  municipal  plants  changed 
to  private  ownership  before  1902,^  and  perhaps  as  many 
more  were  abandoned,^  there  is  a  record  of  38  more  cases 
of  this  sort  between  1902  and  1907;®  and  a  still  more 
marked  increase  of  97  transferred  and  abandoned  stations 
during  the  next  period  of  five  years.'  ^ 

With  these  general  data  as  an  introduction,  it  will  be 
the  purpose  of  this  chapter  to  review  briefly  the  numerous 
attempts  which  have  been  made  to  compare  pubUc  and 
priva,te  electric  lighting  and  power  business  in  the  United 
States,  as  well  as  to  indicate  sources  which  may  be  useful 
for  such  purposes.  The  first  compilation  sufficiently  exten- 
sive to  be  of  much  use  was  made  by  the  United  States 
Bureau  of  the  Census  in  1890,  under  the  direction  of 
Allen  R.  Foote.^  Though  at  this  time  there  were  about  800 
central  stations  in  the  country,  of  which  more  than  100 
were  publicly  owned, '°  the  survey  was  confined  to  the  139 
private  plants  in  the  State  of  New  York,  —  no  data  being 

»  Central,  1902: 7,  8.  «  Ibid.,  1907:  28. 

8  IMd.,  1912:  22.  «  Ibid.,  1902: 13. 

6  Francisco,  1900:  22-28  (also  Grant  and  Marston). 

6  Central.  1907:29. 

'  Ibid.,  1912:  22.    These  changes  are  shown  in  the  following  table:  — 

Table  2.  Changes  in  Ownership 


Character  of  Change 


From  private  to  public 

From  public  to  private 

Public  plants  gone  out  of  operation  , 


Befcyre  1902 


170 
13 

18(?) 


1902-1907     1907-1912 


113 

S3 

5 


100 
80 
17 


*  In  addition  it  is  probable  that  from  75  to  100  plants  formerly  pro- 
ducing their  current,  are  now  operating  only  their  distributing  system, 
thus  losing  a  large  part  of  their  investment.  Cf.  Central,  1912:  48  (also 
Grant  and  Marston). 

9  Census,  N.Y.,  1890:  239-265.        ^°  Ibid.:  249. 
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returned  for  the  lone  municipal  plant  of  Dunkirk.  Some 
data  are  given  regarding  the  capital  account;  incomes  and 
expenditures  are  roughly  summarized;  and  no  record  is 
made  of  interest  or  depreciation.  Stations  are  rudely  classi- 
fied with  respect  to  the  kind  of  power  used,  the  type  of 
engines  installed,  and  the  candle  power  of  their  lamps.  The 
report  affords  merely  an  historical  interest  to  the  student, 
as  it  was  the  first  effort  made  by  the  public  to  find  out 
about  an  industry  already  ten  years  old.  Almost  ten  more 
years  were  to  elapse  before  a  second  survey  was  made. 

In  1894  there  appeared  a  book  on  "Electric  Lighting 
Plants,"  by  W.  J.  Buckley,  a  salesman  for  an  electrical 
concern.  A  good  deal  of  interesting  information  is  given 
regarding  the  cost  and  operation  of  central  stations  based 
on  data  received  from  most  of  the  plants  in  this  country 
and  Canada.  Among  other  things  he  states  that  the  aver- 
age depreciation  of  a  plant  is  about  8.7  per  cent  yearly;  ^ 
that  the  cost  of  fuel  averages  30  per  cent  of  the  total 
maintenance  account,  ^  and  the  cost  of  labor  36  per  cent.^ 
He  tabulates  brief  reports  from  more  than  50  municipal 
plants  and  from  twice  as  many  private  stations,^  without, 
however,  attempting  to  draw  any  particular  conclusions. 
An  observation  is  made  to  the  effect  that  the  larger  the 
city,  under  municipal  ownership,  the  greater  is  the  propor- 
tionate cost  of  maintenance.^  Finally,  it  is  noticeable  that 
no  interest  or  depreciation  is  charged  against  the  municipal 
plants  cited. 

In  the  latter  part  of  the  same  year  a  report  by  Horatio 
A.  Foster,  electrical  engineer  and  accountant,  was  published 
in  the  "Electrical  Engineer."  ®  This  report  was  based  upon 
the  replies  to  a  uniform  letter,  accompanied  by  a  carefully 
prepared  schedule,  which  was  sent  by  the  editor,  T.  C. 
Martin,  to  the  officials  of  150  public  plants.  Though  it 
was  avowedly  an  impartial  attempt  to  ascertain  whether 

»  Buckley:  5,  C.  ^  iMd.iU.       »  Hid.-.  18. 

4  Ibid.:  5,  6,  250-255.      ^  Ibid. :  248.      «  Elec.  Eng.,  xvili:  181-189. 
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the  advantages  ascribed  to  municipal  ownership  had  been 
"assumed  rather  than  proved,"  only  42  blanks  were  re- 
turned. From  the  scanty  data  thus  received,  many  of  the 
returns  being  only  partially  filled,  it  was  clear  that  the 
public  bookkeeping  was  in  a  bad  state.  Only  2  plants 
made  allowance  for  depreciation,  and  only  17  made  any 
effort  to  compute  interest  upon  their  debt,  the  average  rate 
being  about  5  per  cent. 

After  carefully  analyzing  his  meager  material,  Foster 
reaches  conclusions  which  may  be  summarized  as  follows: 
(a)  the  labor  cost  is  somewhat  less  than  that  of  private 
plants;  (6)  the  investment  cost  per  kilowatt  capacity  of  the 
public  plants  is  no  higher  than  that  of  the  average  private 
plant  of  like  size;  (c)  at  least  haK  of  the  plants  studied  are 
in  places  too  small  to  support  a  private  plant.  So  far  as 
rates  are  concerned,  he  finds  that  (d)  the  14  comparable 
public  plants  charge  considerably  more  for  current  than 
do  private  ones.  And,  finally,  (e)  after  charging  against 
the  commercial  income  from  whatever  source,  if  such 
there  be,  interest  on  the  total  investment  and  depreciation 
at  7.5  per  cent,  in  addition  to  the  operating  expenses,  he 
estimates  the  real  cost  of  street  lighting  to  be  higher  than 
the  rates  charged  for  similar  service  by  companies,  and 
highest  in  the  case  of  those  municipal  plants  which  do  a 
commercial  lighting  business,  for  which  the  rates,  as  he 
thinks,  are  usually  put  too  low. 

Though  no  account  is  taken  of  the  taxes  lost  by  the  town 
which  owns  its  plant,  as  well  as  of  a  number  of  other  items 
which  might  reasonably  be  included  in  the  cost,  the  high 
rate  of  depreciation  will  offset  the  omissions,  as  well  as 
the  interest  rate  allowed,  6  per  cent,  which  may  be  in  some 
cases  too  high.  Upon  the  whole,  however,  he  is  to  be  com- 
mended for  his  fairness  and  orderly  method  of  investiga- 
tion. Needless  to  say,  such  inadequate  data  are  practically 
worthless  for  comparative  purposes.  Yet,  since  under  the 
circumstances  the  most  prosperous  public  plants  probably 
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made  returns,  it  is  certain  that  private  business  suffered 
nothing  in  comparison. 

In  1895  M.  J.  Francisco,  a  man  of  considerable  experi- 
ence in  the  electrical  business,  published  a  booklet  entitled 
"Municipal  Ownership:  Its  Fallacy,"  ^  in  which,  after 
studying  about  forty  plants  from  all  parts  of  the  country,  ^ 
he  concludes  that  municipal  ownership  is  a  decided  finan- 
cial failure  when  depreciation,  interest  on  total  investment, 
and  other  items  are  taken  into  account.  In  the  first  edi- 
tion, as  well  as  in  the  later  ones  of  1898  and  1900,  he 
endeavors  to  compare  the  cost  per  lamp  hour  and  the 
number  of  candle  power  per  hour  furnished  for  one  cent 
in  the  two  classes  of  plants  —  a  most  elusive  sort  of  com- 
parison when  one  realizes  the  vagaries  of  "rated"  candle 
power,  even  at  the  present  time.  In  the  1900  edition  he 
attempts  some  sweeping  comparisons  between  154  public 
and  222  private  plants.^  He  further  gives  a  list  of  31 
municipal  plants  sold  or  abandoned;^  and  he  is  so  con- 
stantly asserting  that  public  plants  are  in  places  too  small 
to  offer  paying  business  to  private  enterprise,^  that  one 
feels  inclined  to  wonder  why  he  attempted  to  make  any 
comparisons  at  all  if  matters  really  stood  thus.  Upon  the 
whole,  Francisco  is  so  bitter  against  every  form  of  public 
ownership,  assuming  that  practically  every  official  is  either 
a  crook  or  an  ignoramus,  he  presents  his  material  in  such 
a  disorderly  manner,  and  takes  the  reader  so  little  into  his 
confidence,  that  his  well-meant  efforts  might  be  passed 
over  in  silence,  were  it  not  for  the  fact  that  for  ten  years 
he  secured  a  good  deal  of  attention  from  both  the  oppo- 
nents and  the  advocates  of  state  industry.^ 

^  As  the  writer  has  been  unable  to  find  a  copy  of  this  edition,  his  first- 
hand impressions  are  gained  from  a  study  of  the  later  and  more  complete 
editions  of  1898  and  1000. 

2  Cf.  Man.  Monop.:  70-71.  »  Francisco,  1900:  39-43. 

4  Ibid.:  22-28.  b  Ibid.:  32-57. 

''  Cf.  the  virulent  criticisms  of  Commons,  in  Mun.  Monop.:  55-180, 
passim;  also  Parsons,  in  the  Arena,  infra. 
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It  next  becomes  our  unpleasant  task  to  mention  one  of 
the  most  erratic  investigations  of  the  subject  that  has  ever 
been  made,  that  of  Professor  Frank  Parsons,  of  Boston 
University,  who  burst  into  print  with  a  truly  astounding 
series  of  articles  on  "The  People's  Lamps,"  appearing  in 
four  numbers  of  the  "Arena"  in  1895.  While  it  appears 
that  he  had  carefully  studied  many  of  the  technical  fea- 
tures of  the  business,  and  while  he  went  to  an  enormous 
amount  of  work  to  secure  data  from  about  200  public 
plants,  his  ardent  enthusiasm  for  the  cause  of  municipal 
ownership  led  him  to  belittle  difficulties  and  distort  facts. 
Beginning  with  the  wild  assertion  that  "the  prices  of 
wheat,  corn,  cotton,  and  other  commodities  open  to  com- 
petition are  nearly  uniform  all  over  the  Union,  but  it  does 
not  seem  to  be  so  of  electric  hghts,"  ^  he  proceeds  to 
prove  by  hook  or  crook  that  public  lighting  invariably 
costs  the  people  less  than  lighting  by  private  plants. 

Giving  no  details  about  time  or  local  conditions,  he  cites 
13  "before  and  after"  cases  to  show  that  there  was  a  saving 
of  from  one  haK  to  five  sixths  as  a  result  of  the  change  from 
private  to  public  ownership.  ^  He  is  delighted  to  find  that 
in  20  cases  of  municipal  ownership,  the  street  lighting  was 
secured  for  nearly  nothing,  or  even  a  profit  was  made,  be- 
cause of  the  income  from  the  commercial  business.^  He 
further  attempts  to  prove,  by  selecting  from  a  table  of 
42  public  and  60  private  plants,  that  lower  commercial 
rates  are  charged  by  the  former.*  It  is  interesting  to  note, 
however,  that  only  7  of  the  20  municipalities  securing 
their  street  lighting  so  cheaply  are  included  in  this  list, 
and  that  no  account  is  taken  of  minimum  charges,  dis- 
counts, etc.  Yet  he  is  pleased  to  state  that  private  plants 
charge  "from  twice  to  tenfold"  as  much  as  public  plants.* 
When  he  finds  that  "under  private  control  the  labor  costs 
of  the  Chicago  street  arcs  would  have  been  only  $17.50 

^  Arena,  xni:  119.  ^  Ibid.:  3S1.  *  Ibid.:  391-392. 

*  Ibid.:  394-395.  ^  Ibid.: 395. 
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per  year  instead  of  $52.60,"  thus  making  the  total  cost 
only  $61  in  place  of  $96  per  arc,  he  contends  that  for  com- 
parison with  private  business  the  lower  figure  should  be 
used,  as  the  increased  expense  was  due  to  "politics"  and 
not  to  the  "economics"  of  the  business,^  though  in  other 
places  he  argues  that  labor  is  infinitely  better  off  under 
public  ownership!  In  another  place  he  contends  that 
Boston  would  save  $800,000  annually  by  owning  her  own 
lighting  plant  ^  —  but  enough  of  this. 

In  computing  the  investment  per  kilowatt  capacity.  Par- 
sons makes  no  distinctions  between  large  and  small  plants, 
and  gives  practically  no  interpretation  or  information  ex- 
cept that  the  average  is  much  less  for  public  plants.*  So  far 
as  the  fixed  charges  are  concerned,  he  grudgingly  admits 
that  municipalities  should  consider  insurance,  and  taxes 
lost;  but  interest,  after  the  bonds  are  paid,  and  depreciation, 
are  not  properly  a  part  of  the  cost  of  fighting.  To  include 
interest  on  the  total  investment  in  such  cases,  when  com- 
puting the  cost  of  fighting,  would  be  from  his  point  of  view 
merely  to  take  money  out  of  one  pocket  and  put  it  into 
the  other.  The  people  do  not  have  to  pay  interest  to  them- 
selves. Then,  too,  he  considers  interest  a  fundamentally 
immoral  thing.  No  percentage  need  be  allowed  for  depre- 
ciation because,  (a)  on  the  average,  appreciation  will 
about  cancel  depreciation,  (6)  little  is  written  off  for  depre- 
ciation by  private  plants,  and  (c)  to  make  allowance  for 
depreciation  each  year  is  really  equivalent  to  giving  the 
capitalist  back  his  capital  twice!  * 

In  view  of  his  strange  mental  bias  it  is  not  safe  to  accept 
any  of  Parsons'  "facts"  as  such.  It  is  hard  to  believe  that 
four  years  later  Professor  Commons  would  refer  with  pride 
to  his  "extensive  investigations"  as  "the  most  painstaking 
and  exhaustive  statistical  analysis  of  electric  lighting  yet 
made  from  the  standpoint  of  those  who  favor  municipal 

1  Arena,  xiii:  382.  ^  j^^. .  399. 

8  Ibid.,  xiv:  8&-92.  «  Ibid. :  103-106,  109. 
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ownership."  ^  It  is  still  more  startling  to  find  him  men- 
tioned twelve  years  later  as  "one  of  the  greatest  authorities 
on  economics  and  political  science  in  America,"  ^  and  about 
the  same  time  appointed  one  of  the  committee  to  sum 
up  the  evidence  for  the  National  Civic  Federation  Report! 
It  was  several  years  before  any  further  investigations 
of  note  were  carried  on.  However,  in  1896  Hon.  Nathan 
Matthews,  of  Boston,  in  a  "Report  to  the  Selectmen  of 
Brookline"  regarding  a  municipal  arc-light  plant,  pre- 
pared a  table  showing  the  real  cost  of  street  lights  in  eleven 
towns  owning  their  own  plants.'  He  also  points  out  some 
of  the  errors  into  which  past  investigators  have  fallen. 
Two  years  later  he  published  another  "Report  on  the 
Comparative  Cost  of  Public  Lighting,*'  in  which  he  makes 
a  study  of  the  street  lighting  problem  in  seven  large  cities 
of  the  country  and  attempts  to  draw  conclusions  with 
regard  to  equitable  rates  in  Boston.  In  his  method  of 
attacking  difficulties  and  eliminating  differences  he  has 
done  some  useful  pioneer  work  on  a  small  scale,  particu- 
larly in  discussing  the  municipal  plants  of  Detroit  and 
Chicago.*  During  this  year  also,  the  Massachusetts  Board 
of  Gas  and  Electric  Light  Commissioners  for  the  first  time 
tabulated  sufficient  data  regarding  the  fourteen  municipal 
plants  in  the  State  to  enable  the  student  to  make  a  few 
general  comparisons  between  public  and  private  business.^ 
Finally,  late  in  1897,  Professor  John  R.  Commons  published 
an  article  ^  which  was  later  incorporated  in  his  contribu- 
tion to  "Municipal  Monopolies"  and  which  will  be  dis- 
cussed in  that  connection.^  ^ 

*  Mun.  Monop.:  68.  *  Arena,  xxxvii:  183. 

2  Matthews,  kept.  Brook. :  10.  *  Matthews,  Rept.  Comp. :  22-36. 

6  Mass.  G.  &  E.,  xm:  56-65.  ^  j/„„.  ^^^^  i:  631-673. 

'  In  Mass.  G.  &  E.,  xii :  57,  is  found  a  rather  remarkable  extract  from 
a  report  submitted  by  a  committee  in  Springfield  on  the  subject  of 
municipal  electric  lighting. 

^  For  data  on  private  plants  at  this  time  the  best  sources  are  the 
American  Electrical  Directory,  by  E.  L.  Powers,  Chicago,  1898,  and  Bulle- 
tin No.  4112,  of  the  General  Electric  Company,  Schenectady,  1897. 
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The  next  serious  attempt  to  study  this  mooted  question 
on  a  large  scale  was  made  in  the  well-known  book  "Muni- 
cipal Monopolies,"  first  published  in  1899.  The  three 
articles  entitled  "Municipal  Electric  Lighting,"  "The 
Latest  Electric  Light  Reports,"  and  "Validity  of  Electric 
Light  Comparisons,"  by  Professors  John  R.  Commons, 
Edward  W.  Bemis,  and  F.  A.  C.  Perrine  respectively,  are 
deserving  of  some  attention,^  though  the  last  of  the  three 
men,  a  professor  of  engineering,  is  the  only  one  who  con- 
tributed anything  new  to  the  discussion. 

Commons,  setting  out  to  prove  that  municipal  owner- 
ship of  electric  lighting  is  a  highly  desirable  thing,  man- 
fully shoulders  his  "burden  of  proof."  ^  Then  he  proceeds 
to  "correct"  the  estimates  of  Foster,  Francisco,  and  Par- 
sons as  to  the  cost  of  lighting  in  public  plants,  stating 
naively  that  all  of  their  estimates,  even  including  those  of 
Parsons,  in  whose  figures  he  seems  to  place  great  confi- 
dence, are  "above  the  estimates  made  by  the  municipal 
officials  themselves  [sic],  and  generally  above  my  own 
estimates."  ^  After  a  long  and  tiresome  discussion  of  the 
stale  figures  on  lamp-hour  costs,  in  the  course  of  which  he 
interpolates  a  few  elementary  observations  on  the  "load 
curve,"  *  he  discovers  that  "rated"  candle  power  of  lamps 
furnishes  a  very  unsatisfactory  basis  of  comparison,  and 
that  "quality  of  light"  and  "outages"  should  be  given 
more  attention.^    Having  discovered  that,  in  the  little 
pubUc  plant  of  Dunkirk,  New  York,  the  street  fights  are 
unusually  brilliant,  and  having  found  that  in  the  one  city 
of  Detroit  the  hours  of  "outage"  were  greater  under  pri- 
vate ownership  than  under  public  ownership  two  years 
later,  he  draws  the  sweeping  inference  that  "such  facts  as 
these  not  only  may  give  us  confidence  that  municipal  enter- 
prise does  better  work  than  private  companies  in  the  field 
of  electric  lighting,  but  they  also  lead  us  to  look  with  sus- 

1  Mun.  Monop.:  55-180;  183-285;  286-296.  *  Ibid.:  55. 

i  Ibid.:  69.  i  Ibid.:  S3-S5.  ^  Ibid.:  168-173. 
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picion  upon  any  statistics  favoring  private  operation  which 
are  based  upon  candle-power  cost,  even  if  conscientiously 
compiled."  ^ 

In  conclusion,  he  feels  reasonably  certain  that  his  studies 
have  shown  "that  the  great  majority  of  the  three  hundred 
cities  and  villages  now  furnishing  light  are  actually  getting 
better  service  at  less  cost  than  those  which  depend  upon 
private  companies."  ^  He  has  little  fear  of  "politics,"  but 
does  recommend  a  few  reforms  as  "necessary  to  accom- 
pany or  precede  municipal  ownership";  namely,  (a)  State 
supervision  for  cities,  (6)  the  substitution  of  unsalaried 
commissions  for  the  boards  of  aldermen,  (c)  the  initiative 
and  referendum,  and  (d)  a  civil  service  reform  system.^ 

Perhaps  Commons'  method  of  disposing  of  the  fixed 
charges  under  municipal  owTiership  should  be  outhned, 
since  his  conclusions  are  so  generally  accepted  by  super- 
ficial advocates  of  municipal  ownership.  Realizing  that 
the  real  cost  of  street  Ughting  to  towns  owning  their  plants 
will  be  high  or  low  in  proportion  to  the  fixed  charges  that 
are  weighed  against  them,  he  makes  an  effort  to  minimize 
the  importance  of  taxes,  insurance,  interest,  and  deprecia- 
tion. Interest,  he  says,  should  be  computed  only  upon 
the  outstanding  indebtedness,  not  upon  the  entire  cost  of 
the  plant,  because  the  taxpayers  have  really  contributed 
nothing,  since  the  municipality  would  be  getting  its  lights 
for  less  than  would  have  been  paid  to  a  private  concern, 
and  hence  they  would  have  had  no  alternative  use  for  their 
money. ^  Regardmg  taxes,  he  feels  that  the  loss  of  income 
from  that  source  by  towns  owning  their  plants  "is  more 
than  compensated  by  the  increased  valuations  of  property 
which  follow  upon  increased  municipal  lighting."  ^  Insur- 
ance need  not  be  carried  by  large  cities,  because  a  "loss 
by  fire  when  spread  over  the  tax-rolls  would  cause  but  an 
insignificant  increase  in  taxes."  ® 

»  Mun.  Monop. :  173.  "  jj^d.  ^  Ibid. :  178-180. 

«  Ibid. :  99-102.  ^  Ji^d. :  104.  «  Ibid. :  108. 


22  MUNICIPAL  ELECTRIC  LIGHTING 

His  treatment  of  the  subject  of  depreciation  is  a  curious 
mixture  of  fallacies  and  contradictions.  He  inclines  to  the 
view  that  public  plants  need  make  no  allowance  for  this 
item  because  few  private  plants  do  so.^  As  the  chief  aim 
of  a  public  plant  is  to  give  low  prices,  no  reserve  should 
be  accumulated. 2  Depreciation  by  "use"  will  be  taken 
care  of  in  the  operating  expenses,  while  depreciation  by 
"competitive  improvements"  and  by  "replacement"  are 
not  a  part  of  the  costs  of  street  lighting  for  a  plant  which 
does  no  commercial  business,^  as  the  tax  levy  will  easily 
take  care  of  such  charges.  A  depreciation  fund  is  an 
absurdity,  but  a  sinking  fund  is  wise  because  otherwise 
the  public  debt  "creates  an  idle  class,  living  on  fixed  and 
guaranteed  incomes."  *  He  seems  not  to  realize  that  when 
the  bonds  are  paid  off  under  such  a  scheme  of  financing 
the  town  might  have  nothing  but  a  junk-heap  on  its  hands, 
or  in  lieu  of  that  a  new  debt  greater  than  the  original  one. 
Throughout,  Commons  stresses  the  view  that  public  busi- 
ness is  not  subject  to  the  same  standards  as  private  busi- 
ness and  need  not  be  carried  on  in  the  same  way.  How 
any  comparisons  of  the  two  classes  of  business  could  be 
made  under  such  conditions,  is  a  mystery. 

Bemis  gives  a  complete  list  of  the  353  public  plants, 
13.5  per  cent  of  the  total  number  in  the  country,  according 
to  his  survey,  grouped  according  to  States,  together  with 
a  table  showing  the  age  of  143  of  them.^  After  studying  in 
a  general  sort  of  way  the  32  public  and  76  private  plants 
in  Michigan,  and  after  a  hurried  analysis  of  the  situation 
in  Massachusetts,  he  decides  that  the  average  commercial 
rate  for  public  plants  is  decidedly  lower  than  for  private.^ 
Then  he  compares  74  municipal  plants  with  132  private 
stations,  grouping  them  according  to  the  number  and 
candle  power  of  their  lamps,  the  hours  of  use,  and  the  cost 
of  fuel.  His  conclusion  is  that,  even  when  5  per  cent  interest 

1  Mwn.  Monop.:  109-113.         ^  Ibid.:  115.  ^  Ibid.:  115-119. 

^  Ibid.:  125-123.  ^  Ibid.:  183-20G.        ^  Ibid.:  21S. 
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is  allowed  on  the  cost  of  the  municipal  plants,  and  7.5  per 
cent  for  depreciation,  taxes  lost,  and  other  items,  the 
average  charge  for  street  lighting  in  every  group  of  private 
plants  is  higher  than  the  cost  in  the  corresponding  groups 
of  public  plants.^ 

Three  very  definite  criticisms  can  be  made  of  Professor 
Bemis's  results.  In  the  first  place,  he  uses  a  simple  arith- 
metical average  instead  of  a  weighted  average,  a  fact 
which  makes  many  of  his  figures  misleading.  Furthermore, 
there  is  no  opportunity  to  verify  the  returns  upon  which 
his  computations  are  based;  we  are  given  only  the  most 
meager  data,  with  no  local  background  whatever.  But, 
most  significant  of  all,  when  a  public  plant  has  begun  to  be 
operated  in  connection  with  a  water-works  system  or  some 
other  municipal  enterprise,  he  charges  against  the  street 
lighting  merely  the  "added"  costs,  thus  letting  another 
department  bear  most  of  the  lighting  burden.  ^  In  view  of 
this  fact,  if  for  no  other  reason,  his  figures  are  practically 
worthless  for  comparative  purposes,  for  at  that  time  con- 
siderably more  than  half  the  municipal  plants  were  "com- 
posite," ^  and  one  of  the  chief  reasons  for  establishing  them 
was  the  claim  that  they  could  thus  be  operated  at  a  very 
low  cost. 

Professor  Perrine  points  out  the  futility  of  all  of  these 
investigations  which  are  concerned  primarily  with  com- 
paring the  financial  cost  of  Ughting  under  the  two  forms 
of  management.  Such  methods  do  not  reach  the  funda- 
mental considerations;  our  studies  must  go  beyond  the 
tax  rate.  Plants  without  similar  load  factors  cannot  be 
compared.  As  he  has  contributed  something  new  to  the 
discussion,  it  is  interesting  to  note  his  exact  words:  — 

The  true  basis  of  comparison  and  the  true  conclusion  in  study- 
ing the  problem  of  electrical  supply  is  not  therefore  to  be  found 
in  the  cost  to  the  municipality  for  a  certain  portion  of  that  serv- 
ice, but  rather  in  the  expenditure  of  human  energy  for  perform- 

^  Mun.Monop.:iiO-i61.    .    '  Ibid.:  236.        »  Central.  1902 :  25-26. 
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ing  the  whole  service.  That  electrical  plant  is  of  the  greatest 
service  to  the  whole  community  which  supplies  a  given  amount 
of  electrical  energy  with  the  smallest  amount  of  plant,  the  low- 
est consumption  of  coal,  water,  and  supplies  of  every  kind,  in 
which  the  simplest  management  can  be  obtained  and  the  smallest 
number  of  men  employed  for  the  least  time  in  the  management, 
in  keeping  accounts,  in  operating  machinery,  and  in  performing 
repairs.  So  stated,  the  problem  becomes  one  of  the  science  of 
engineering,  rather  than  of  the  science  of  economics.* 

In  1900  the  much-heralded  Fourteenth  Annual  Report 
of  the  United  States  Commissioner  of  Labor  appeared.  A 
large  part  of  the  Report  is  devoted  to  an  exhaustive  com- 
pilation of  all  available  data  regarding  municipal  and  pri- 
vate electric  lighting  in  the  United  States,  ^  collected  mostly 
in  the  year  1898  by  help  of  oflScials  of  the  State  Bureaus  of 
Labor  Statistics,  special  agents,  and  carefully  prepared 
schedules.  As  returns  were  secured  from  only  320  of  the 
460  known  public  plants  and  from  only  632  of  the  2,572 
private  plants,^  the  survey  cannot  be  considered  very  com- 
plete. Feeling  on  the  question  ran  high  at  the  time.  Muni- 
cipal bookkeeping  was  in  a  bad  state,  and  private  business 
did  not  relish  being  investigated.  In  the  words  of  the 
Commissioner:  "Private  concerns  were  more  able  but  less 
willing,  and  municipal  establishments  more  willing  but 
less  able,  to  furnish  the  facts  required."  * 

For  purposes  of  comparison  the  plants  are  grouped 
according  to  the  horse  power  of  their  engines,  and  not  by 
locality  or  population.  No  names  of  plants  or  even  of 
States  are  given.  In  order  to  secure  a  fairer  basis  of  com- 
parison, taxes  lost,  interest  on  total  investment,  deprecia- 
tion (estimated  usually  at  5  per  cent,  excluding  land), 
rentals,  insurance,  water  used,  free  service,  and  other 
items  frequently  overlooked,  but  nevertheless  forming  a 

1  Mun.  Monop. :  288-289.  Cf.  Mun.  Aff.,  i :  605-630,  an  article  in 
which  R.  R.  Bowker,  of  the  New  York  Edison  Company,  points  out  the 
fallacies  and  extremes  of  most  comparisons  (see  p.  624). 

2  U.S.  Labor,  xiv:  535-975.  »  Ibid.:  12.  *  Ibid.:  6. 
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part  of  the  true  costs  of  municipal  plants,  are  computed. 
These  data,  however,  are  not  combined  with  the  usual 
operating  expenses  when  comparisons  of  the  cost  of  street 
lighting  are  made.^  The  student  is  left  to  draw  his  own 
conclusions  and  add  whatever  items  he  thinks  should  be 
considered. 

Some  attention  is  given  to  various  operating  expenses, 
though  no  very  marked  conclusions  are  drawn.  No  attempt 
is  made  definitely  to  compare  the  rates  for  commercial 
lighting  in  the  two  classes,  partially  on  account  of  the  fact 
that  so  much  of  the  business  was  done  on  a  contract  basis 
and  the  hours  of  service  were  not  known.  ^  But  it  is  dis- 
tinctly stated  that  in  many  cases  the  reason  for  a  seeming 
lower  cost  of  street  hghting  in  public  plants  was  due  to  the 
fact  that  the  prices  charged  to  consumers  were  sufficiently 
high  to  reduce  the  cost  of  their  own  lighting.^  So  far  as 
the  comparative  cost  of  street  Hghting  is  concerned,  the 
Bureau  finds  that  in  practically  all  cases  the  cost  under 
municipal  ownership  is  less.  But,  when  the  above-men- 
tioned "additional  items"  clearly  entering  into  the  cost 
are  included,  the  writer  finds  that  the  supposed  advan- 
tages disappear,  the  municipal  plants  in  general  secure 
their  light  for  no  less  than  do  those  buying  from  private 
concerns,  and  very  frequently  pay  a  good  deal  more,  par- 
ticularly for  incandescent  street  lighting. 

This  extensive  and  impartial  investigation  marks  a  dis- 
tinct advance.  Yet  the  findings  are  far  from  satisfactory. 
The  only  averages  worked  out  were  for  salaries  and  wages, 
and  the  prices  charged  for  light.  No  true  averages  of  costs 
were  found,  but  only  arithmetical  averages  of  averages. 
The  kilowatt-hour  prices  are  almost  wholly  estimates,  as 
there  was  little  metered  service  at  the  time.  The  grouping 
according  to  horse  power  of  engines,  wath  no  knowledge  of 
load  factor  or  local  conditions,  is  of  little  service.   And, 

1  U.S.  Labor,  xiv:  17-18,  543-546,  758-764. 
^  Ibid. -.19.  »  /6id.:  548-549. 
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finally,  it  is  probable  that  the  third  of  the  municipal  plants 
which  did  not  report  were,  under  the  circumstances,  those 
whose  financial  condition  was  the  least  satisfactory. 

While  the  National  Government  had  been  investigating 
this  question,  a  number  of  State  Bureaus  of  Labor  and 
Industrial  Statistics  were  also  compiling  more  or  less  com- 
plete data  for  their  own  reports.  Of  these  surveys,  the 
work  of  the  Michigan  and  New  York  Bureaus  is  the  most 
important,  though  deserving  no  more  than  a  passing  no- 
tice.^ Of  various  articles  upon  the  subject  appearing  within 
the  next  few  years,  mention  should  be  made  particularly 
of  those  published  in  "Municipal  Affairs,"  among  which 
that  by  Victor  Rosewater,  on  "The  Case  for  Municipal 
Electric  Lighting,"  ^  is  probably  of  most  significance.  He 
recognizes  clearly  the  difficulties  of  any  accurate  statis- 
tical comparisons  with  the  data  at  that  time  available. 
Different  rate  schedules,  different  length  of  contracts  and 
franchises,  differences  in  line  construction  (whether  over- 
head or  underground),  and  the  widely  diverse  rates  of 
depreciation  in  different  localities,  would  of  themselves  be 
sufficient  wholly  to  invalidate  such  comparisons  as  were 
attempted  by  the  Census  Bureau.^ 

Owing  to  the  fact  that  Massachusetts  was  the  only 
State  during  this  period  which  prescribed  uniform  account- 
ing and  which  kept  even  approximately  accurate  records 
of  municipal  electric  lighting,  it  seems  strange  that  so 
little  attempt  was  made  to  study  the  subject  intensively 
in  this  State.  The  reason  for  this  may  be  that  definite 
figures  would  tend  to  rob  the  discussion  of  a  goodly  share 
of  the  interest  which  is  always  bestowed  upon  uncertain- 
ties. However,  Alton  D.  Adams,  a  man  of  some  engineer- 
ing training,  appeared  before  the  United  States  Industrial 

*  Conn.,  Labor,  xv:  20-41;  Kan.,  Labor,  xiii:  91-98;  Mich.,  Labor, 
XV :  186-188  and  194-197;  Neb.,  Labor,  vi:  566-572;  N.Y.,  Labor,  xv: 
499-565. 

2  Mun.  AJj^.,  VI :  622-635.  »  Ibid. :  625-627. 
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Commission  in  1900,  and  presented  the  brief  results  of 
some  of  his  studies  of  municipal  electric  lighting  in  Massa- 
chusetts.^ He  selected  17  private  plants,  in  places  compar- 
able in  size,  to  contrast  with  14  public  plants  making  their 
current.  By  adding  to  the  commercial  income  of  the  muni- 
cipal plants  the  income  from  all  public  lighting,  estimated 
at  the  rates  charged  for  such  service  by  the  private  plants 
studied,  he  finds  that  after  paying  for  all  operating  ex- 
penses the  net  income  on  their  investment  is  12.3  per  cent, 
while  that  of  the  companies  is  only  10.2  per  cent.  This  he 
seems  to  think  indicative  of  greater  operating  eflSciency 
under  public  ownership.  Yet  this  comparison  is  sufficiently 
absurd  when  we  consider  that  this  so-called  "net  income" 
may  mean  much  or  nothing  in  proportion  as  the  invest- 
ment per  plant  and  the  corresponding  fixed  charges  are 
great  or  small.  He  admits  that  he  knows  nothing  about 
the  local  conditions;^  he  has  no  data  on  the  character  of 
the  load;  he  makes  no  attempt  to  compare  operating  ratios; 
nor  does  he  take  into  account  the  taxes  lost  by  mimicipali- 
ties,  as  well  as  other  items  which  a  study  of  the  returns  for 
that  period,  1899,  leads  us  to  believe  should  be  charged 
against  many  of  the  municipal  plants. 

He  then  endeavors  to  compute  the  cost  of  street  lighting 
to  towns  owning  their  plants,  by  adding  to  the  operating 
deficit  for  the  year  interest  on  the  total  investment  at  the 
rate  paid  on  the  outstanding  bonds  plus  the  legal  rate  of 
depreciation,  5  per  cent,  and  charging  the  total  to  the 
street  lighting  account.  Making  no  allowance  for  taxes 
lost,  he  finds  that  the  lamp-hour  cost  is  in  some  cases 
higher  and  in  some  cases  lower  than  is  charged  by  the 
companies  studied.  Though  Adams  is  reluctant  to  give 
averages,  the  writer  finds  from  his  figures  that  for  arc  lights 
the  cost  per  lamp  hour  is  almost  identical  for  the  two 
groups,  while  for  incandescents  it  is  slightly  higher  for  the 
municipal  plants.  He  made  no  exact  computation  of  the 
1  U.S.  Ind.  Com.,  ix :  275-285.  «  Ibid. :  280. 
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commercial  charges,  but  thinks  them  about  the  same  for 
the  two  groups  of  plants.  ^  His  studies  constitute  one  more 
futile  attempt  to  throw  light  upon  a  higlily  complicated 
problem  by  a  superficial  analysis  of  income  and  expense 
accounts.  2 

The  Census  Report  on  Central  Electric  Light  and 
Power  Stations  for  1902,  published  in  1905,  was  the  first 
really  comprehensive  and  systematic  collection  of  material 
on  the  subject.  Not  only  were  the  financial  features  cov- 
ered, but  also  data  were  given  for  the  physical  equipment, 
output,  employees  and  wages,  history,  general  develop- 
ment, and  franchises.  Central  stations  were  classified 
according  to  their  ownership,  and  grouped  by  States,  and 
in  some  instances  by  population  and  dynamo  capacity. 
For  certain  purposes  purely  electric  and  composite  stations 
were  differentiated.  It  appeared  that,  contrary  to  the 
general  opinion,  all  but  77  of  the  municipal  plants,  consid- 
erably less  than  10  per  cent,  were  doing  a  commercial  as 
well  as  a  street-lighting  business.^  While  many  general 
comparisons  of  public  and  private  plants  are  made,  with 
a  view  to  indicating  their  relative  importance,  there  is  no 
attempt  to  draw  conclusions.  No  theories  are  developed, 
and  frequently  the  facts  are  inadequately  explained.  Much 
rather  necessary  detail  regarding  expenses  is  omitted. 
Naturally  no  load  factors  are  given.  The  output  of  cur- 
rent is  merely  estimated,  and  not  a  guess  is  hazarded  as 
to  the  amount  of  current  unaccounted  for  in  the  various 
kinds  of  plants.  Furthermore,  owing  to  the  lack  of  any- 
thing approaching  a  uniform  system  of  accounting  in  cen- 
tral electric  stations,  much  of  the  material  collected  is 
beyond  a  doubt  hopelessly  inaccurate.    Yet  this  Report, 

»  U.S.  Ind.  Com.,  ix:282. 

^  Adams  has  written  a  number  of  interesting  articles  on  the  subject 
of  municipal  electric  lighting  in  Massachusetts.  Cf.  Mun.  Eng.,  xxiii: 
160-164;  and  particularly  Mun.  Eng.,  xxv:  232-240;  also  references  in 
next  chapter. 

»  Central,  1902:12. 
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together  with  the  two  later  ones  for  1907  and  1912,  fur- 
nishes a  rich  mine  of  information  for  the  student. 

The  1907  Report  of  the  National  Civic  Federation,  on 
Municipal  and  Private  Operation  of  Public  Utilities,  is 
the  most  painstaking  attempt  thus  far  made  to  find  out 
whether  public  industries,  judged  from  every  point  of 
view,  are  really  holding  their  own  with  private  enterprise, 
both  in  the  United  States  and  in  Great  Britain.  After  two 
full  years  of  work,  the  Committee  of  well-known  men, 
constantly  assisted  by  experts,  found  out  —  nothing.  To 
use  their  own  words; 

The  Committee  takes  no  position  on  the  question  of  the  general 
expediency  of  either  private  or  public  ownership.  The  question 
must  be  solved  by  each  municipality  in  the  light  of  local  condi- 
tions. What  may  be  possible  in  one  locality  may  not  be  in  an- 
other.^ 

For  the  study  of  municipal  electric  lighting  in  this  coun- 
try, two  methods  were  followed.  In  the  first  place,  four 
representative  public  plants  were  chosen.  South  Norwalk 
(Connecticut),  Chicago,  Detroit,  and  Allegheny,  of  which 
the  first  alone  did  a  commercial  business,  and  four  private 
plants,  Chicago,  Pittsburgh,  Geneva  (New  York),  and  To- 
ledo, which,  it  was  agreed,  were  operated  under  approxi- 
mately similar  conditions.  Each  was  studied  intensively 
from  many  points  of  view  by  committees  composed  of  both 
the  friends  and  foes  of  municipalization.  In  addition  to  the 
cleverly  devised  schedules,  ^  covering  much  space  and  con- 
veying little  usable  information,  many  reports  of  experts 
were  submitted.'  But,  as  might  have  been  predicted,  no 
significant  conclusions  were  reached.  Our  old  friends  Bemis 
and  Parsons  are  as  enthusiastic  on  the  subject  as  in  the 
earlier  days,  though  their  exuberance  is  more  restrained. 

1  N.  C.  F.,  i:  26.  ^  /^.^  u:  665-908. 

'  Cf.  ibid.:  863-884;  a  carefully  worked-out  "Report  on  the  Financial 
Affairs  of  the  Chicago  Municipal  Electric  Lighting  Plant,"  by  Marwick 
Mitchell  &  Co.,  in  which  it  appears  that  the  cost  per  arc  in  1894  was 
$194,  somewhat  higher  than  Parsons'  estimate  {supra,  p.  18)  of  $96  ! 
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On  the  other  hand,  Charles  L.  Edgar,  President  of  the 
Boston  Edison  Company,  and  Walton  Clark,  of  the  cele- 
brated United  Gas  Improvement  Company,  of  Philadel- 
phia, make  out  a  very  strong  case  for  private  business. 
Their  conflicting  views  can  best  be  expressed  in  their  own 
words :  — 

It  appears  to  the  writer  to  be  conclusively  demonstrated  from 
the  above  facts  that  in  both  water,  gas,  and  electricity  the  mu- 
nicipal plants  have  done  far  better  for  the  taxpayer  and  con- 
sumer than  the  private  plants  in  anything  like  a  similar  situation.^ 

We  believe  no  intelligent  reader  of  the  voluminous  record  of 
this  Commission's  work  will  fail  to  conclude  that  it  clearly  proves 
municipal  ownership  to  be  productive  of  many  and  serious  ills, 
with  little  or  no  compensating  good.^ 

The  second  method  followed  was  to  select  eight  pubUc 
plants  to  compare  with  an  equal  number  of  similarly  situ- 
ated private  plants  in  Massachusetts.  The  result  of  this 
well-planned  investigation  consisted  of  three  hundred 
pages  of  hopeless  junk.^  Not  a  single  attempt  was  made 
to  interpret  the  material  laboriously  collected  by  Alton  D. 
Adams  and  Charles  E.  Prichard,  of  the  Beverly,  Massa- 
chusetts, Gas  Light  Company.  And,  less  strange  than  it 
may  seem  to  the  casual  student,  in  many  instances  ex- 
actly opposite  answers  regarding  even  simple  matters  of 
fact,  were  given  by  these  two  men  whose  views  on  the  sub- 
ject of  public  ownership  were  different.  Why  the  Com- 
mittee should  have  devoted  all  of  its  attention  to  the  first 
investigation,  which  could  lead  nowhere,  and  should  have 
completely  ignored  the  second,  which  alone  could  have  led 
to  definite  conclusions,  remains  a  mystery.'* 

Practically  the  only  conclusions  to  be  drawn  from  this 
pretentious  compilation  of  the  National  Civic  Federation, 
so  far  as  our  particular  subject  is  concerned,  are:  (a)  that 

^  N.  C.  F.,  i:  184;  signed  by  Bemis  and  Parsons. 
2  Ibid.,  441;  signed  by  Edgar  and  Clark.  ^  75^;^^  n:  909-1213. 

*  Cf.  Central,  1902:  85.  One  member  of  the  Committee  has  explained 
to  the  writer  that  both  "funds  and  time"  were  lacking. 
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the  enormous  number  of  considerations  and  qualifications 
which  enter  into  the  problem  of  comparing  the  two  kinds 
of  business  make  the  task  of  drawing  general  conclusions 
well-nigh  impossible;  (6)  without  the  proper  interpreta- 
tion, a  great  mass  of  comparable  data  is  in  danger  of  be- 
fogging the  fundamental  issues;  and  finally,  (c)  no  investi- 
gation carried  on  by  prejudiced  individuals  will  lead  to 
satisfactory  results,  for  even  though  the  two  extremes  are 
averaged,  the  resulting  mean  is  not  necessarily  the  truth. 

Since  this  date  interest  in  the  purely  financial  aspects 
of  the  problem  of  municipal  electric  lighting  seems  some- 
what to  have  waned,  except  for  propagandist  purposes. 
More  attention  has  been  given  to  other  phases  of  the 
question.^  The  general  "ignorance  and  inefficiency"  of 
municipal  management  has  been  stressed  by  many,^  while 
others  have  laid  emphasis  upon  quality  and  service  rather 
than  rates.^  Some  point  with  glowing  pride  to  what  they 
are  pleased  to  term  the  "remarkable  success"  of  such  pub- 
lic plants  as  those  of  Cleveland,  Detroit,  and  Pasadena, 
while  others  are  astounded  at  theu-  "colossal  failure,"  and 
greatly  deplore  the  "crookedness"  of  their  records.  South 
Norwalk  has  been  particularly  in  the  limelight.* 

Current  hterature  is  full  of  superficial  discussions  of  the 
subject.  For  a  presentation  of  both  sides  of  the  contro- 
versy, one  can  turn  to  many  numbers  of  the  Annals  of  the 
American  Academy  of  Pohtical  and  Social  Science,^  as 
well  as  to  the  Proceedings  and  publications  of  the  National 
Municipal  League.  For  data  with  which  to  refute  (?)  the 
municipalizers,  one  need  but  look  through  the  files  of 
"Concerning  Municipal  Ownership,"  and  "Public  Serv- 

1  UtU.  Mag.,  i,  6: 1.  »  Cf.  Holmes :  284-287. 

'  Cf.  Palmer,  in  A.  A.  A.,  lvii:  33-44;  and  Larson,  in  Jour.  Am. 
Waterworks  Assn.,  2:  iii:  515-537. 

*  For  opposing  views  on  the  South  Norwalk  case  see  T.  C.  Martin  in 
Rept.  of  Com.  on  Prog.,  N.  E.  L.  A.,  1914 :  45-47;  and  Albert  E.  Winches- 
ter, superintendent  of  the  plant,  \n  A.  A.  A.,  lvii:  228-245. 

^  Cf.  A.  A.  A.,  XXVII,  LUi,  and  lvii,  'passim. 


32  MUNICIPAL  ELECTRIC  LIGHTING 

ice."  Arguments  and  facts  on  the  public  side  can  be 
found  in  the  earher  numbers  of  the  "Arena,"  in  the  more 
recently  published  "Utilities  Magazine,"  and  in  the 
"Municipal  Journal."  The  latter  is  particularly  active  in 
trying  to  show  the  economic  waste  of  private  ownership, 
proving  conclusively  in  two  pages  of  a  recent  number  that 
municipal  plants  in  Massachusetts  are  superior  to  the 
company  plants  in  every  way!^  Finally,  the  more  tech- 
nical publications,  the  electrical  and  engineering  maga- 
zines, generally  support  the  side  of  private  enterprise,  on 
scientific  grounds.  ^ 

There  is  also  a  large  amount  of  miscellaneous  material 
upon  the  subject.  Some  interesting  comparative  data 
have  been  collected  by  the  special  committees  of  investi- 
gation appointed  by  various  municipalities  considering  the 
expediency  of  operating  their  own  lighting  systems.  Of 
these  mention  should  be  made  of  the  reports  of  Wellesley, 
Massachusetts  (1900),  Binghampton  (1905)  and  Syracuse, 
New  York  (1907),  South  Hadley,  Massachusetts  (1913), 
and  Geneseo,  lUinois  (191  ?).  A  series  of  eleven  pamphlets 
entitled  "Complete  Reports  on  Municipally  Owned  Utility 
Plants  in  the  State  of  Ohio,"  in  which  it  was  attempted  to 
show  that  practically  all  of  the  78  public  electric  stations 
studied  are  financial  failures,  was  published  in  1914-15  by 
the  Public  Service  Publishing  Company  of  Chicago.  The 
same  concern  issues  a  list  of  municipal  plants  sold  or 
abandoned,  the  1915  edition  being  entitled  "Facts  on  Mu- 
nicipal Ownership  in  268  Towns  and  Cities."  A  similar 
list  of  "  Defunct  Municipal  Lighting  Plants,"  with  a  good 
deal  of  historical  detail,  is  put  out  by  the  Municipal  Own- 
ership Pubhshing  Company  of  New  York.  Neither  list  is 
wholly  trustworthy. 

1  Mun.  Jour.,  xl:  26&-268;  cf.  also  ibid.,  xxxni:  685-696;  xxxv:  171- 
186;  and  xxxvii :  264-272  and  274-278. 

^  Cf.  in  particular  various  numbers  of  the  Electrical  World  and  the 
Electrical  Engineer. 
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More  dependable  in  their  facts  and  more  scientific  in 
their  methods  are  some  of  the  monographs  which  have 
recently  appeared.  A  1915  bulletin  of  the  Iowa  State  Col- 
lege of  Agriculture  and  Mechanic  Arts,  entitled  "Electric 
Central  Station  Operation  in  Iowa,"  presents  some  inter- 
esting studies  bearing  directly  on  the  subject,  in  which 
10  public  stations  are  contrasted  with  46  privately  owned.  ^ 
Mr.  Harold  V.  Bozell's  "  Data  on  Municipal  Plant  Opera- 
tion in  Oklahoma"  (1916),  seems  to  show  that  £6  of  the 
larger  water  and  light  plants  of  the  State  are  running  be- 
hind financially,  when  all  legitimate  expenses  are  charged 
against  them,  and  that  the  municipal  bookkeeping  is  in  a 
sorry  state.  ^  A  third  brief  investigation,  very  well  done, 
is  that  of  Mr.  A.  G.  Christie,  on  the  "Municipally  Operated 
Electrical  Utilities  of  Western  Canada,"  presented  at  the 
Convention  of  the  American  Institute  of  Electrical  Engi- 
neers in  1916.  Nine  public  plants  are  carefully  studied 
from  many  points  of  view,  and  some  statistical  compari- 
sons are  made  with  a  group  of  19  Massachusetts  plants.^  * 

Finally,  as  general  aids  in  investigation,  in  addition  to 
the  quinquennial  Reports  of  the  Census  Bureau  on  Cen- 
tral Electric  Light  and  Power  Stations,  the  Annual  Reports 
of  the  Massachusetts  Board  of  Gas  and  Electric  Light 

»  Iowa,  El.  Cent. :  99-104.      ^  Bozell :  7-15.      3  Christie :  308-309,  325. 

*  Just  as  this  book  is  going  to  press  the  writer  has  discovered  one  more 
attempted  contribution  to  the  field  of  municipal  electric  lighting,  in  the 
form  of  a  little  book  by  Carl  D.  Thompson,  entitled  Municipal  Electric 
Light  and  Power  Plants  in  the  United  States  and  Canada,  gotten  out  under 
the  auspices  of  the  Municipal  Ownership  League  of  America. 

In  this  book  are  collected  a  number  of  interesting  facts,  practically  all 
of  which  are  out  of  date.  The  substance  of  most  of  the  superficial  studies 
already  referred  to  in  the  present  chapter,  has  been  incorporated  in  Mr. 
Thompson's  book  as  sound  doctrine.  There  is  some  detailed  account 
of  a  few  of  the  more  successful  publicly  owned  plants,  while  others  are 
touched  but  lightly.  It  is  a  frankly  propagandist  piece  of  work,  and 
barely  skims  the  surface  of  the  problem.  Yet  it  is  referred  to  by  a  recent 
reviewer  as  "apart  from  the  Census  Reports  the  most  complete  and  ex- 
haustive survey  of  publicly  owned  electric  generating  plants  ever  made 
in  this  country"!  (Quoted  from  Evans  Clark  in  Util.  Mag.,  February, 
1918,  p.  14.) 
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Commissioners,  of  the  Wisconsin  Railroad  Commission 
(Part  III),  and  of  the  New  York  PubHc  Service  Commission 
of  the  Second  District  (vol.  in),  are  particularly  helpful. 
For  a  comparative  study  of  the  legal  aspects  of  the  problem 
of  municipal  electric  lighting,  the  1913  Report  of  the  Na- 
tional Civic  Federation  on  the  "Commission  Regulation 
of  Public  Utilities,"  an  analysis  of  the  laws  of  43  States, 
is  useful.  Mention  should  also  be  made  of  "Public  Utihty 
Reports  Annotated,"  a  bi-monthly  publication;  "Rate 
Research,"  published  weekly  by  the  National  Electric 
Light  Association;  and  "Public  Service  Regulation  and 
Federal  Trade  Reporter,"  issued  monthly.  Much  useful 
financial  and  physical  data  on  individual  plants  can  be 
secured  from  the  "McGraw  Central  Station  List,"  ap- 
pearing biennially,  as  well  as  from  the  "Public  Utihty 
Sections"  of  Poor's  and  Moody's  "Manuals."  The  two 
latter,  however,  include  only  private  plants. 

In  conclusion,  while  it  was  long  ago  admitted  that  infer- 
ences drawn  from  foreign  experience  in  municipalization 
will  not  apply  in  this  country,^  yet  in  view  of  the  fact  that 
Great  Britain  has  more  public  than  private  electric  light- 
ing plants  (325  vs.  269  in  1916),  some  reference  should  be 
made  to  the  best  sources  for  the  study  of  this  problem  in 
that  country.  Among  these  may  be  noted  the  "Returns 
to  the  Local  Government  Board,  of  Reproductive  Under- 
takings Carried  on  by  Municipal  Boroughs,"  the  "Munic- 
ipal Year  Book,"  Garcke's  "Manual  of  Electrical  Under- 
takings" (an  annual  publication,  of  which  volumes  vii  and 
X  contain  particularly  useful  data),  and  the  "Electrical 
Times  Table  of  Electric  Supply  Costs  and  Records." 

As  municipal  plants  in  Great  Britain  operate  under 
practically  the  same  conditions  as  private  plants,  it  should 
be  easier  to  make  comparisons  there  than  here.  Yet  rather 
diverse  conclusions  have  been  reached  by  investigators. 
Of  American  students  of  the  question,  Everett  W.  Bur- 
*  L.  S.  Rowe,  Am.  Jour.  Soc,  xn:  241-253. 


IN  MASSACHUSETTS  35 

dett  ^  and  Robert  P.  Porter  ^  have  attempted  to  make  out 
a  strong  case  for  the  opposition,  not  merely  on  the  grounds 
that  the  tax  rate  has  been  increased,  as  they  allege,  in 
spite  of  the  fact  that  the  "profits"  made  in  the  business 
are  supposed  to  help  relieve  the  "rates,"  but  also  on  the 
general  grounds  that  the  extension  of  service  and  develop- 
ment have  been  retarded  by  public  ownership,  and  that 
the  political  effects  are  bad.  Even  Frederic  C.  Howe,  who 
favors  British  municipalization,  admits  that  municipal 
electric  lighting  has  been  no  startling  success  in  England.' 
Milo  R.  Maltbie,  in  the  National  Civic  Federation  Report, 
is  decidedly  cautious  in  his  conclusions.^  Among  English 
writers  on  the  subject,  the  views  of  Major  Darwin  and 
Lord  Avebury  on  the  one  hand  and  of  Bernard  Shaw  and 
Emil  Davies  on  the  other,  are  too  well  known  to  need 
comment.  So  far  as  the  writer  is  aware,  no  champion  of 
public  ownership  in  England  has  really  made  a  scientific 
comparative  study  of  the  electric-hghting  problem,  and 
unfortunately  most  of  the  opponents  have  approached  the 
problem  with  a  prejudiced  mind.^ 

Note:  —  For  a  general  study  of  the  problem  of  municipal 
ownership,  Mr.  Douglass  Rnoop,  of  England,  in  his  "Principles 
and  Methods  of  Municipal  Trading,"  has  probably  done  the 
most  scientific  work.  Incidentally  he  discusses  in  an  admirable 
way  some  of  the  problems  of  electric  lighting. 

^  Jour.  Pol.  Econ.,  xiv:  313. 

2  Porter:  ix-xi,  and  261-286,  "Strangling  the  Electrical  Industry." 

«  Bureau  of  Labor,  Bull.  62:  58-63.  Cf.  also  Howe,  Brit.  City:  111- 
118;  and,  for  opposite  conclusions,  Meyer:  chs.  xii-xviii,  passim. 

<  N.  C.  R,  i:  230-261;  and  in:  248-382. 

*  It  is  unnecessary  to  refer  to  Germany  in  this  connection.  There 
has  been  a  strong  tendency  toward  municipalization  of  the  electric-light- 
ing industry  in  that  country,  and,  so  far  as  the  writer  is  informed,  the 
experiment  seems  to  have  been  attended  by  reasonable  success.  Appar- 
ent results,  however,  must  be  accepted  with  a  good  deal  of  caution, 
while  in  attempting  comparisons  the  political  system  and  the  national 
traits  of  Germany  must  be  fully  weighed.  (See  Dawson:  216,  226-229; 
and  Brooks,  in  Q.  J.  E.,  xxx:  188-191!,  on  "Municipalization  of  Berlin 
Electric  Works."  Also  cf.  various  numbers  of  the  Kommunales  Jahrbuch.) 


CHAPTER  II 

THE  MASSACHUSETTS  LAWS  AND  THE  WORK  OF  THE 
MASSACHUSETTS  BOARD  OP  GAS  AND  ELECTRIC  LIGHT 
COMMISSIONERS 

From  the  preceding  criticisms  it  should  be  suflSciently 
evident  that,  aside  from  the  personal  prejudices,  the  un- 
scientific methods,  or  the  superficial  interpretations  which 
have  in  some  measure  characterized  practically  all  studies 
of  the  subject,  one  of  the  chief  difficulties  confronting 
every  student  of  the  problem  of  municipal  electric  lighting 
in  the  United  States  has  been  the  hopeless  lack  of  compar- 
able data.  Too  much  guessing  has  been  necessary.  As 
previously  suggested,  Massachusetts  is  the  only  State 
which  for  a  long  period  of  time  has  even  attempted  to  keep 
definite  records  of  both  municipal  and  private  electric 
lighting.^  Hence  the  writer  has  chosen  this  State  for  the 
purpose  of  his  investigation.  But  before  explaining  the 
specific  methods  of  treatment  that  are  to  be  followed,  it 
will  be  well  to  review  briefly  the  main  provisions  of  the 
Massachusetts  laws,  in  so  far  as  they  relate  to  the  problem 
under  consideration.  ^  Some  mention  will  also  be  made 
of  the  accomplishments  of  the  Board  of  Gas  and  Electric 
Light  Commissioners  in  their  execution  and  interpretation 
of  the  Law. 

1.  The  Massachusetts  Laws  Relating  to  the  Electric 
Light  and  Power  Business 

The  Massachusetts  Board  of  Gas  Commissioners,  com- 
posed of  three  members,  appointed  one  each  year  by  the 

1  Cf.  Central,  1902:  85,  and  Gray,  in  Q.  J.  E.,  xv:  270-271. 

^  Most  references  are  made  to  the  laAVS  as  compiled  in  1914  by  the 
Board  of  Gas  and  Electric  Light  Commissioners,  "  General  Laws  Relating 
to  the  Manufacture  and  Sale  of  Gas  and  Electricity,"  Chapter  742  of 
the  Acts  of  1914,  and  to  the  laws  as  published  from  year  to  year  in  the 
Reports  of  the  Board. 
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Governor  for  a  term  of  three  years,  was  created  in  1885.* 
The  act  provided  for  a  general  supervision  of  the  accounts 
of  gas  companies,  2  for  regulation  of  the  quality  and  price 
of  gas  upon  complaint,^  and  for  some  restriction  of  com- 
petition.-* The  annual  expenses  of  the  Commissioners 
were  to  be  assessed  upon  the  several  companies  in  pro- 
portion to  their  gross  earnings.^  The  Attorney-General 
was  empowered  to  deal  with  companies  violating  the  law 
or  faiUng  to  comply  with  the  orders  of  the  Board.^  By 
an  act  of  the  next  year  a  system  of  uniform  accounts  was 
prescribed,'  and  the  Board  was  given  authority,  upon 
petition,  to  compel  the  supply  of  gas  under  "legal  and 
reasonable  "  conditions.^  No  bonds  were  to  be  issued  for  less 
than  the  par  value  nor  hi  excess  of  the  paid-up  capital.* 
In  1887  the  Board  was  made  a  "Board  of  Gas  and  Electric 
Light  Commissioners,"  ^°  and  practically  all  laws  appli- 
cable to  gas  companies  were  extended  so  as  to  include  all 
companies  and  individuals  engaged  in  the  electric  lighting 
business.  It  was  further  made  possible  for  gas  companies, 
upon  apphcation  to  the  Board,  to  engage  in  the  manufac- 
ture and  sale  of  electric  current  for  light  and  power.  ^^ 

In  1888  the  town  of  Dan  vers  constructed  an  electric 
plant  for  the  piu-pose  of  lighting  its  streets.  ^^  The  follow- 
ing year  the  Danvers  Gas  Light  Company  petitioned  to  be 
allowed  to  manufacture  and  sell  electric  light  to  the  people 
of  the  community.  Whereupon  the  town,  supported  by  an 
almost  unanimous  vote  of  the  citizens,  asked  the  Legisla- 
ture to  grant  them  the  privilege  of  doing  a  commercial 

1  Mass.,  1885,  ch.  314.      «  /j^,^  ggct.  7. 

3  Ibid.,  sect.  9.  *  Ibid.,  sects.  10,  16. 

5  Ibid.,  sect.  6.  But  cf.  Mass.  1917,  ch.  205,  sect.  3,  which  provides  that 
municipal  plants  also  shall  share  the  expenses  in  proportion  to  their  own 
annual  expenses. 

«  Ibid.,  sect.  12. 

^  Mass.,  1886,  ch.  346,  sects.  1,  2;  also  Mass.  G.  &  E.,  ni:126-132i 
and  IV : 176-186. 

8  Ibid.,  sect.  5.  ^  Ibid.,  sect.  3. 

w  Mass.,  1887,  ch.  382.      "  Ibid.,  ch.  385.      "  Mass.  G.  &  E.,  v:  89. 
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lighting  business.  The  request  was  not  at  this  time  granted, 
but  finally,  in  1891,  an  act  was  passed  "to  legalize  the  ac- 
tion of  the  town  of  Danvers  in  establishing  an  electric  light 
plant,  and  to  authorize  said  town  to  generate  and  distrib- 
ute electric  light  and  power, "^ 

The  Danvers  case  was  the  beginning  of  a  long  discussion 
regarding  the  propriety  of  municipalities'  engaging  in  a 
street  and  commercial  lighting  business,  which  culminated 
in  the  passing  of  the  famous  "Municipal  Ownership  Act" 
of  1891.  Among  other  provisions,  cities  and  towns  were 
given  the  right  to  construct  their  own  plants  or  were  re- 
quired to  purchase  aheady  existing  plants,  ^  A  uniform 
system  of  accounting  was  prescribed,  similar  to  that  im- 
posed upon  the  companies,^  and  all  the  general  laws  re- 
lating to  the  manufacture  and  sale  of  electricity  were 
extended  to  municipalities  whenever  applicable.^  Though 
this  act  was  somewhat  modified  in  1893,^  no  radical  changes 
in  any  of  the  laws  have  been  made  since  that  time.  Ac- 
cordingly it  will  be  suflBcient  for  our  purposes  to  call  atten- 
tion to  the  main  features  of  the  laws  regarding  electric 
lighting  as  they  stand  at  present. 

A  town  or  city  may  "construct,  purchase,  or  lease"  an 
electric  plant  for  the  manufacture  or  distribution  of  elec- 
tricity, either  for  its  own  use  or  for  the  use  of  its  inhabit- 
ants (qualified  until  1917  by  the  clause,  "except  for  the 
operation  of  electric  cars").^  Nothing  in  this  section  of  the 
law,  however,  prevents  a  municipality  from  extending  its 
service  to  another  town  which  is  not  already  supplied  with 
electric  light,^  though  a  special  act  of  the  Legislature  must 

»  Mass.,  1891,  ch.  378,  Special  Laws.        ^  /^-^^^  ^h.  370,  sects.  1, 12-14. 

»  Ibid.,  ch.  379,  sect.  9;  also  Mass.  G.  &  E.,  viii:  263-285. 

*  Ibid.,  sect.  17.  6  Mass.,  1893,  ch.  454. 

®  Mass.,  1914,  ch.  732,  sect.  92.  This  portion  of  the  law  was  repealed 
by  Mass.,  1917,  ch.  205,  sect.  2. 

''  Cf.  Mass.,  1915,  ch.  191;  also  the  following  Special  Acts:  Mass., 
1898,  ch.  143;  1901,  ch.  97;  1904,  ch.  324;  1908,  ch.  369;  1910,  ch.  581; 
1911,  ch.  108;  1914,  ch.  737;  and  1915,  ch.  140. 
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precede  such  extension,  or  from  selling  in  bulk  to  a  private 
company  or  to  another  municipal  plant.  In  order  to  acquire 
its  plant,  a  ciUj  must  be  so  authorized  by  a  two  thirds  vote 
of  each  branch  of  its  council,  or  by  a  majority  vote  of 
whatever  sort  of  governing  body  it  chances  to  have,  passed 
in  each  of  two  successive  municipal  years,  and  ratified  by  a 
majority  of  the  voters  at  an  annual  or  special  election.* 
A  tovm  must  be  authorized  by  a  two  thirds  majority  of  the 
voters  at  each  of  two  town  meetings  specially  called  and 
"held  at  intervals  of  not  less  than  two  nor  more  than  thir- 
teen months."  ^  If  the  vote  of  a  dty  is  not  ratified,  no  sim- 
ilar vote  can  be  submitted  for  a  period  of  one  year,  and  if 
one  or  both  votes  of  a  tovm  are  unfavorable,  no  similar 
vote  can  be  passed  within  a  period  of  two  years  thereafter. 
Also,  provision  is  made  for  a  speedy  certification  of  all 
votes  to  the  Board.  ^  Finally,  by  a  law  recently  enacted, 
it  is  provided  that  a  town  or  city  having  once  acquired 
a  lighting  plant  shall  not  sell  the  same  unless  such  sale 
shall  have  been  authorized  by  votes  in  the  same  manner 
as  required  for  the  original  acquisition  of  the  plant.'* 

If,  when  the  first  vote  is  passed,  there  is  a  private  plant 
already  operating  in  the  city  or  town,  and  the  owners  of 
the  same  shall  elect  to  sell,  the  municipality  shall  be  re- 
quired to  buy.^  Moreover,  if  a  private  gas  and  electric 
plant  in  the  said  place  be  operated  under  a  single  control, 
the  purchase  shall  include  both.  If  the  central  station  be 
located  outside  the  city  or  town,  the  purchase  shall  include 
only  those  portions  of  the  system  within  the  municipal 
hmits,  and  the  city  or  town  shall  be  allowed  to  buy  its 
current  from  another  municipality  or  from  a  private  plant,^ 
or,  with  certain  restrictions,  from  a  street  railway  company.' 

1  Mass.,  1914,  ch.  742,  sects.  95-97.  ^  m^^^  gect.  94. 

»  Ihid.:  sects.  95-97.   When  "Board"  is  used,  it  will  be  understood  to 
mean  "Board  of  Gas  and  Electric  Light  Commissioners." 
*  Mass.,  1917,  ch.  205,  sect.  1. 

B  Mass.,  1914,  ch.  742,  sect.  100.  «  Ihid.,  sects.  108-111. 

^  Ibid.   While  public   plants,  as  the  law  originally  stood,  were  not 
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Furthermore,  the  municipality  may,  if  it  so  chooses,  pur- 
chase additional  property  of  the  private  plant  situated 
in  an  adjoining  city  or  town  where  there  is  no  private 
lighting  plant  established,  and  may  thereafter  supply  cur- 
rent to  the  said  municipality  or  to  the  inhabitants  thereof, 
subject  to  "the  same  limitations  and  obligations"  as  if  it 
were  a  private  business.^ 

The  purchase  price  of  such  plant  as  defined  by  the  stat- 
ute is  to  be  "its  fair  market  value  for  the  purposes  of  its 
use,  taking  into  account  any  depreciation  or  obsolescence 
thereof  or  of  any  part  thereof."  But  "no  portion  of  such 
plant  shall  be  estimated  at  less  than  its  fair  market  value 
for  any  other  purpose,  including,  as  an  element  of  value, 
the  damages,  if  any,  caused  by  the  severance  of  any  portion 
of  such  plant  lying  outside  such  city  or  town  limits,  if  they 
[sic]  are  not  purchased  by  the  city  or  town,  and  excluding 
any  mortgage  or  other  encumbrance  or  lien  to  which  such 
plant  or  any  part  thereof  may  be  subject  at  the  time  of 
said  purchase,"  Furthermore,  "such  value  shall  be  esti- 
mated without  enhancement  on  account  of  future  earning 
capacity,  or  good  will,  or  of  exclusive  privileges  derived 
from  rights  in  the  public  streets."  And,  finally,  "no  city 
or  town  shall  be  required  to  buy  any  property  unnecessarily 
added  to  a  plant  after  the  passage  of  its  first  vote,  .  .  .  nor 
any  property  except  such  as  would  be  suitable  for  the 
ordinary  business  of  the  vendor."  ^ 

If  the  city  or  town  do  not  agree  with  the  owner  as  to  the 
price  or  the  property  to  be  conveyed,  it  may,  within  a 
specified  time,  apply  to  the  Supreme  Judicial  Court  of  the 

allowed  to  sell  current  to  the  street  railways,  for  fear  of  some  sinister 
influence,  they  have  always  been  permitted  to  purchase  from  them  at 
rates  approved  by  the  Board. 

1  Mass.,  1914,  ch.  742,  sects.  103,  104,  106. 

2  Ibid.,  sect.  100.  The  present  earning  capacity  of  the  plant  was  in- 
cluded as  an  element  of  value  in  the  original  Act  of  1891,  ch.  370,  sect. 
12.  Two  years  later  this  was  omitted  by  section  5  of  chapter  454  of  the 
Acts  of  1893. 
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county,  which  shall  refer  the  application  to  the  Board  of 
Gas  and  Electric  Light  Commissioners.  The  Board,  in 
turn,  shall  review  the  entire  case,  and  their  decision  as  to 
the  value  or  amount  of  the  property  to  be  conveyed,  when 
accepted  by  the  court,  shall  be  final.  ^  If  any  expenses  of 
litigation  are  incurred  under  this  section,  "they  may  be 
reckoned  as  part  of  the  indebtedness  for  which  bonds  may 
be  issued"  by  the  municipality. 

Subject  to  a  two  thirds  vote  of  the  voters  present  in 
case  of  a  town  or  a  "two  thirds  vote  of  all  the  members  of 
a  city  council  or  other  governing  body,"  a  municipality 
may  contract  debt  outside  the  statutory  debt  limit,  but 
payable  within  a  period  of  twenty  years,  for  the  purpose  of 
"establishing,  purchasing,  extending  or  enlarging  a  gas  or 
electric  light  plant  withm  its  limits."  ^  The  indebtedness 
so  incurred,  however,  shall  not  exceed  in  towns  five  per 
cent  and  in  cities  two  and  one  half  per  cent  "of  the  last 
preceding  assessed  valuation."  Bonds,  notes,  or  certifi- 
cates of  indebtedness  may  be  issued  for  the  above  purposes,' 
but  all  future  bond  issues  after  1913  are  to  be  on  a  serial 
and  not  a  sinking  fund  basis.*  Since  1905  it  has  been  un- 
lawful for  municipalities  to  borrow  in  order  to  meet  any 
of  the  annual  expenses  of  their  plants.^  ° 

1  Mass.,  1914,  ch.  742,  sect.  101.  Before  this  date  (1914)  special  com- 
missioners appointed  by  the  court  arbitrated  the  case  instead  of  the  Board. 
Cf.  Mass.,  1891,  ch.  370,  sect.  13  and  1905,  ch.  401,  sect.  1. 

2  Mass.,  1913,  ch.  719,  sects.  6,  12.  The  statutory  debt  limit  is  for  a 
city  two  and  one  half  per  cent  of  the  average  valuation  of  estates  for 
the  three  preceding  years,  and  for  a  town  three  per  cent,  with  a  few  quali- 
fications. 

3  Mass.,  1914,  ch.  742,  sect.  98. 

*  Mass.,  1913,  ch.  719,  sects.  13-15.  Prior  to  this  time  both  forms  of 
issue  were  common.  Cf.  Mass.,  1891,  ch.  370,  sect.  4,  in  which  the  issue 
of  30  years  bond  bearing  not  more  than  5  per  cent  interest  was  stipu- 
lated. 

6  Cf.  Mass.,  1891,  ch.  370,  sect.  4,  1905,  ch.  410,  sect.  4,  and  1914,  ch. 
742,  sect.  114. 

*  All  notes  are  to  be  certified  by  the  Director  of  the  Bureau  of  Statis- 
tics. Cf.  Mass.,  1910,  ch.  616,  sect.  2. 
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A  town  undertaking  the  gas  or  electric-lighting  business 
may  elect  a  municipal  light  board  consisting  of  three  mem- 
bers, chosen  one  each  year  for  a  period  of  three  years. ^  A 
"manager  of  municipal  lighting,"  to  be  appointed  by  the 
mayor  of  a  city  or  the  selectmen,  or  municipal  light  board, 
if  any,  of  a  town,  at  a  salary  and  for  a  term  of  office  to  be 
fixed  by  those  appointing  him,^  and  under  their  "direction 
and  control,"  shall  have  "full  charge  of  the  operation  and 
management  of  the  plant,  the  manufacture  and  distribu- 
tion of  gas  or  electricity,  the  purchase  of  supplies,  the 
employment  of  agents  and  servants,  the  method,  time, 
price,  quantity  and  quality  of  the  supply,  the  collection 
of  bills,  and  the  keeping  of  accounts."  He  shall,  before 
entering  upon  his  office,  give  satisfactory  bond.  All  money 
shall  be  turned  over  to  the  town  or  city  treasurer,  and  all 
bills  shall  be  paid  by  the  treasurer  at  the  order  of  the  man- 
ager. Finally,  he  shall  render  to  the  Board  of  Gas  and 
Electric  Light  Commissioners,  and  to  the  mayor,  select- 
men, or  municipal  light  board,  if  any,  such  reports  as  they 
may  from  time  to  time  require.^ 

Before  the  beginning  of  each  fiscal  year  the  manager  is 
required  to  submit  to  the  mayor,  selectmen,  or  municipal 
light  board,  an  estimate  of  the  income  from  sales  to  private 
consumers  during  the  following  year  and  of  the  total  ex- 
penses of  the  plant  for  the  same  period.^  The  statute  de- 
fines "expenses"  as  the  "gross  expenses  of  operation,  main- 
tenance and  repair,  the  interest  on  the  bonds,  notes,  or 
certificates  of  indebtedness  issued  to  pay  for  the  plant,  an 
amount  for  depreciation  equal  to  three  per  cent  of  the  cost 
of  the  plant  exclusive  of  land  and  any  water  power  appur- 
tenant thereto,  or  such  smaller  or  larger  amount  as  the 
Board  of  Gas  and  Electric  Light  Commissioners  may  ap- 

1  Mass.,  1914,  ch.  742,  sect.  112.   Cf.  also  p.  325,  infra. 

2  The  term  of  office  has  usually  been  one  year,  though  re-elections  are 
common.   See  ch.  xiii,  infra. 

»  Mass.,  1914,  ch,  742,  sect.  113. 

*  Ibid.,  sect.  114;  cf.  also  Mass.,  1913,  ch.  692,  sect.  1. 
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prove,  the  requirements  of  the  sinking  fund  or  debt  in- 
curred for  the  plant,  and  the  loss,  if  any,  in  the  operation 
of  the  plant  during  the  preceding  year."  The  excess  of 
such  "expense"  over  the  estimated  commercial  income, 
is  to  be  included  in  the  "annual  appropriations  for  main- 
tenance and  in  the  tax  levy."  The  "cost"  of  the  plant, 
for  this  purpose,  is  the  "total  amount  expended  on  the 
plant  to  the  beginning  of  the  fiscal  year  for  any  purpose 
for  which  bonds,  notes,  or  certificates  of  indebtedness  may 
be  issued."  "Loss  in  operation"  simply  means  the  differ- 
ence between  the  amount  received  from  private  customers 
plus  the  sum  appropriated  for  maintenance  during  the 
preceding  year,  and  the  total  expenses  as  above  defined. 

Depreciation  was  not  included  as  an  item  in  the  annual 
expenses  until  1905,  though  from  1891  it  had  been  reck- 
oned at  five  per  cent  as  part  of  the  cost  of  producing  cur- 
rent.^ In  this  year  an  amount  equal  to  five  per  cent  of  the 
total  cost  of  the  plant,  or  more  or  less  as  the  Board  might 
approve,  was  to  be  included  as  part  of  the  expense  and  to 
be  provided  for,  if  necessary,  in  the  annual  appropriations 
for  maintenance  or  from  the  tax  levy.^  No  part  of  the  sum 
allowed  for  depreciation  was  to  be  spent  for  any  purpose 
other  than  "renewals,  in  excess  of  ordinary  repairs,  exten- 
sions, reconstruction,  enlargements,  and  additions."  The 
act  further  provides  that  any  surplus  left,  after  the  above 
payments  are  made,  "shall  be  kept  as  a  separate  fund  and 
used  for  renewals,  other  than  ordinary  repairs,  extensions, 
reconstruction,  enlargements,  and  additions  in  succeeding 
years,"  and  that  "no  debt  shall  be  incurred  for  any  exten- 
sion, reconstruction,  or  enlargements  of  the  plant  in  excess 
of  the  amount  needed  for  the  purpose  in  addition  to  the 
amount  then  on  hand  in  said  depreciation  fund."  The  fund 
is  to  be  kept  by  the  city  or  town  treasurer  as  a  separate 
fund. 

In  the  following  year,  after  the  Board  had  refused  to 
1  Mass.,  1891,  ch.  370,  sect.  10  «  Mass.,  1905,  ch.  410,  sect.  4. 
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allow  the  city  of  Holyoke  to  make  an  allowance  for  depre- 
ciation of  less  than  five  per  cent,^  the  law  was  amended  so 
as  to  make  the  required  depreciation  allowance  "  three  per 
cent  of  the  cost  of  the  plant,  exclusive  of  land  and  any  water 
power  appurtenant  thereto."^  Finally,  in  1908,  in  addition 
to  the  above  uses  of  the  fund,  it  was  provided  that  such 
portion  as  the  Board  may  approve  "may  be  used  to  pay 
notes,  bonds,  or  scrip  issued  to  pay  for  the  cost  of  recon- 
struction or  renewals  in  excess  of  ordinary  repairs."'  Since 
this  date  there  has  been  no  change  in  the  law  regarding 
depreciation. 

Private  plants,  it  should  be  noted,  have  never  been  re- 
quired to  write  off  depreciation.  This  difference  in  require- 
ments is  probably  accounted  for  by  the  following  reasons. 
In  the  first  place,  there  has  been  a  general  feeling,  largely 
justified  by  facts,  that  municipal  plants,  subjected  to  con- 
stant public  pressure  for  low  rates,  without  regard  to  the 
future,  and  with  the  tax  levy  to  fall  back  upon  in  case  of 
need,  should  be  carefully  safeguarded  by  law  in  this  impor- 
tant matter,  even  though  the  rate  of  depreciation  fixed  may 
at  times  be  wholly  arbitrary.  On  the  other  hand,  since  the 
law  gives  a  highly  effective  regulatory  power  to  the  Board, 
which  can  thoroughly  review  the  methods  of  private  finan- 
cing whenever  a  rate  case  or  a  petition  for  new  stock  or 
bond  issues  comes  up,  it  is  supposed  that  self-interest  will 
restrain  the  companies  from  declaring  dividends  out  of 
capital  and  so  impairing  their  resources,  particularly  in 
view  of  the  fact  that  it  would  be  practically  impossible  to 
capitalize  losses  incurred  in  this  manner.  (See  ch.  viii, 
infra.) 

When  a  municipality  fixes  or  changes  the  price  of  gas  or 
electricity,  which  change  shall  not  be  oftener  than  once 
in  three  months,^  and  shall  take  effect  on  the  first  day  of 
a  month,  the  manager  shall  at  once  notify  the  Board  of 

1  Mass.  G.  &  E.,  XXI :  45-49.  ^  Mass.,  1906,  ch.  411. 

3  Mass.,  1908.  ch.  480.  *  Mass.,  1914,  ch.  742,  sect.  116. 
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Gas  and  Electric  Light  Commissioners,  failing  to  do  which 
he  shall  forfeit  not  more  than  twenty-five  dollars.^  The 
price  shall  not  be  fixed  at  less  than  cost  except  with  the 
written  consent  of  the  Board.  In  "cost"  shall  be  included 
"all  operating  expenses,  interest  on  the  investment  in  the 
plant,  less  assessments  (for  extensions),  at  the  rate  paid 
upon  the  bonds  and  serial  notes,  .  .  .  the  requirements  of 
the  serial  debt  or  the  sinking  fund,  .  .  .  and  also  deprecia- 
tion of  the  plant  to  be  reckoned  at  not  less  than  three  per 
cent  per  annum  of  its  cost,  and  losses."  ^  Above  cost  as 
thus  computed  the  municipality  shall  not  be  allowed  to 
charge  such  a  price  as  will  yield  a  profit  of  more  than  eight 
per  cent  upon  its  investment,  but  gas  or  electricity  used  by 
a  city  or  town  "  shall  be  charged  to  it  at  cost."  The  enforce- 
ment of  these  provisions  rests  with  the  Supreme  Judicial 
Court  of  the  county,  which  may,  upon  the  petition  of  the 
Board  or  of  twenty  taxpayers,  compel  prices  to  be  fixed  by 
the  municipality  in  accordance  with  the  rules  laid  down.' 
As  to  the  price  charged  by  the  companies,  that  is  subject 
to  the  review  of  the  Board.  If  the  mayor  of  a  city  or  the 
selectmen  of  a  town,  or  twenty  customers,  submit  a  com- 
plaint in  writing  to  the  Board  regarding  the  price  or  qual- 
ity of  gas  or  electricity  sold,  the  latter  shall,  after  formal 
notice,  give  a  pubKc  hearing  to  both  the  petitioners  and 
the  company,  after  which  it  may  order  a  reduction  in  price 
or  an  improvement  in  quality,  and  may  fix  a  maximum 
rate.*  Such  action  is  subject  to  future  revision  by  the 
Board.^  Differential  rates  are  neither  authorized  nor  pro- 
hibited for  municipalities  or  for  private  companies,^  while 
the  principle  of  a  minimum  monthly  charge,  though  not 
directly  covered  by  any  law,  is  recognized  and  endorsed 
by  the  Board. ^ 

»  Mass.,  1914,  ch.  742,  sect.  116.  2  Ibid.,  sect.  113.  ' 

*  Ibid.,  sect.  125.  *  Ibid.,  sect.  162.  ^  /^^/^  gg^.^   iq^ 

*  Ibid.,  sects.  190,  198.   Cf.  also  Mass.  G.  &  E.,  xxviii:  27. 

'  Mass.  G.  &  E.,  XXV :  37-42.  The  practice  began  as  a  meter  rental 
charge. 
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A  municipal  plant  may  require  an  advance  deposit  from 
customers  sufficient  to  pay  for  three  months'  use  of  gas  or 
electricity,  and  is  allowed  to  shut  off  the  supply  when  pay- 
ment is  in  arrears.^  Similar  provisions  apply  to  the  com- 
panies. ^  In  the  matter  of  compulsory  supply,  however, 
the  law  is  different  in  the  two  cases.  No  city  or  town  shall 
be  compelled  to  furnish  gas  or  electricity  "except  upon  the 
order  of  the  Board."  ^  Moreover,  a  municipality  owning 
its  plant  is  permitted  to  assess  upon  "'the  owner  or  occu- 
pant of  any  premises"  part  or  all  of  the  cost  of  "laying  and 
maintaining  pipes,  conduits,  conductors,  or  other  appli- 
ances thereon."  ^  While  payment  of  such  assessments  is 
not  compulsory,  it  is  a  "condition  precedent  to  the  supply- 
ing of  gas  or  electricity  to  the  occupants  of  such  premises."  " 
A  company,  on  the  other  hand,  upon  a  written  petition 
from  an  aggrieved  party  to  the  Board,  followed  by  a 
hearing,  can  be  compelled  "to  supply  the  petitioner  with 
gas  or  electricity,  upon  such  terms  and  conditions  as  are 
legal  and  reasonable."  ^ 

Both  municipal  and  private  plants  are  required  to  keep 
their  books  and  accounts  in  the  form  prescribed  by  the 
Board,'  and  to  hold  them,  together  with  all  papers,  at  all 
times  open  to  the  inspection  of  the  Board  or  of  its  duly 
authorized  agents.^  Annual  returns  in  a  uniformly  pre- 
scribed form  are  to  be  made  to  the  Board  by  both  groups 
of  plants  on  or  before  the  second  Wednesday  in  September, 
for  the  year  ending  on  June  30th.^  These  returns,  practi- 
cally the  same  in  both  cases,  are,  for  companies,  to  state, 
among  other  things,  the  amount  of  authorized  capital,  the 
indebtedness  and  financial  condition,  the  dividends  paid 

1  Mass.,  1914,  ch.  742,  sect.  115.  ^  /j^-^^  ggcts.  63,  194. 

8  Ibid.,  sect.  117.  «  Ibid.,  sect.  118. 

^  Ibid.   One  of  the  Commissioners  states  that  there  has  never  been  a 
petition  for  extension  under  this  law. 

^  Ibid.,  sect.  161.  Such  petitions  and  orders  have  been  very  frequent. 

^  Ibid.,  sects.  120,  144,  145. 

8  Ibid.,  sect.  120,  143.  »  Ibid.,  sects.  120,  146. 
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or  declared,  a  list  of  the  salaried  oflScers  with  their  salaries, 
the  income  and  expenses  of  the  preceding  year,  and  the 
balance  sheet  of  their  accounts.^  With  respect  to  the 
records  to  be  kept  and  the  annual  returns  to  be  made,  no 
active  legal  compulsion  is  exercised  over  municipal  plants.^ 
In  the  case  of  the  companies,  however,  a  very  considerable 
fine  is  imposed  for  late  returns  or  for  failure  to  make  re- 
turns, as  well  as  a  heavy  penalty  for  false  reports.*  The 
law  also  grants  the  Board  almost  equally  strict  supervision 
over  the  books  of  voluntary  associations.* 

In  addition  to  the  foregoing  laws  a  city  or  town  owning 
its  plant  is  subject  to  the  general  laws  relating  to  the  "  man- 
ufacture, use,  or  distribution  of  gas  or  electricity,  in  so  far 
as  they  may  be  applicable,"^  as  well  as  to  the  laws  pecu- 
liarly appUcable  to  public  employees,  regarding  hours  of 
labor,  vacations,  pensions,  etc.°  Mention  should  be  made, 
however,  of  a  few  additional  laws  which  particularly  affect 
companies  and  which  deal  for  the  most  part  with  ques- 
tions of  franchise,  competition  and  combination,  and 
capitalization. 

Practically  all  electric  light  and  power  companies  are 
now  organized  under  the  general  law  of  the  State,'  in 
accordance  with  which  three  or  more  persons  may  associate 
for  the  purpose  of  forming  a  gas  or  electric  company.^  The 
certificate  of  organization  must  be  submitted  to  the  Com- 
missioner of  Corporations,  who,  if  he  finds  that  the  law 
has  been  complied  with,  shall  signify  his  approval  by  his 
endorsement  thereon  and  shall  file  it  with  the  Secretary  of 
State,  who,  in  turn,  shall  issue  a  charter  ^  which  is  subject 

1  Mass.,  1914,  ch.  742,  sect.  146. 

2  Ibid.,  sect.  120.  In  1915,  30  per  cent  of  the  public  plants  made  late 
retiims,  and  very  few  made  correct  returns. 

*  Ibid.,  sects.  147,  149.   In  1915  about  five  per  cent  of  the  companies 
made  late  returns.  With  few  exceptions,  their  returns  needed  no  corrections. 
«  Ibid.,  sects.  148,  150-153.  ^  Ibid.,  sect.  123. 

6  Mass.,  1911,  ch.  494;  1912,  ch.  503;  1914,  ch.  217;  1914,  ch.  688. 
^  Mass.  G.  &  E.,  XXIV :  ccxcvii. 
8  Mass.,  1914,  ch.  742,  sect.  3.  »  Ibid.,  sect.  10, 
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to  amendment,  alteration,  or  repeal  by  the  General  Court.  ^ 
Nor  can  the  company  begin  doing  business  until  all  of  its 
capital  stock,  or  such  part  as  may  have  been  approved  by 
the  Board  of  Gas  and  Electric  Light  Commissioners,  is 
paid  in. 2  And,  finally,  it  is  necessary  to  secure  from  the 
mayor  and  aldermen  of  a  city,  or  the  selectmen  of  a  town, 
permission  to  use  the  public  ways  for  the  location  of  lines 
and  other  appliances,*  which  permission  they  may  after 
notice  and  a  hearing,  grant,  subject  to  the  conditions  which 
they  may  see  fit  to  impose.  Though  there  seems  to  be  no 
specific  law  on  the  matter,  it  is  generally  understood  that 
franchises  are  "indeterminate  and  revocable."^ 

The  law  seems  to  encourage  both  horizontal  combina- 
tions and  integration  in  the  industry.  With  the  approval 
of  the  Board,  a  company  may  extend  its  business  into  an 
adjoining  city  or  town.*  Also,  after  a  two  thirds  vote  of 
the  stock,  an  electric  company  may,  if  the  Board  deem  it 
consistent  with  the  public  interest,  purchase  the  property 
of  another  company  situated  in  the  same  or  contiguous 
municipalities,  or  of  a  gas  and  electric  company  of  which 
the  gross  receipts  from  the  sale  of  electricity  during  the 
preceding  year  were  at  least  three  times  the  receipts  from 
the  sale  of  gas,  or  may  consolidate  with  such  company.^ 
Additional  provision  is  made  for  the  consolidation  of  elec- 
tric and  hydro-electric  companies,  under  certain  condi- 
tions.^ But  the  aggregate  amount  of  capital  stock  and  of 
the  debts  shall  not  by  such  consolidation  or  purchase  be 
increased.^  Furthermore,  the  entry  of  a  second  electric 
company  into  a  city  or  town  is  prohibited,  except  upon 
the  consent  of  the  mayor  and  aldermen  or  selectmen, 
granted  after  a  public  hearing.^    Any  party  aggrieved  by 

1  Mass..  1914,  ch.  742,  sect.  12.  ^  /j^y,^  ggct.  48. 

»  Ibid.,  sect.  127;  1911,  ch.  509,  sect.  2;  cf.  also  1908,  ch.  617,  sect.  1. 
*  Cf.  Mass.  G.  &  E.,  xxvii :  5U,  aud  321a;  Mass.,  1914,  ch.  741,  sect. 
124. 

6  Mass.,  1914,  ch.  742,  sect.  61.  «  Ibid.,  sect.  165. 

"  Ibid.,  sect.  166.  »  Ibid.,  sect.  168.  »  Ibid.,  sect.  156. 


IN  MASSACHUSETTS  49 

such  decision  may  appeal  within  thirty  days  to  the  Board, 
which,  after  a  hearing,  shall  render  the  final  decision.^ 

In  view  of  this  fostering  of  monopoly  in  the  electric- 
lighting  business,  the  State  has  considered  it  highly  neces- 
sary to  prevent  any  form  of  stock  watering.  Hence,  in 
addition  to  the  provisions  already  mentioned,  stock  divi- 
dends are  prohibited,  ^  and  impaired  capital  is  to  be  made 
good  when  such  impairment  is  discovered  by  the  Board.' 
Companies  can  issue  only  such  amount  of  stock  and  bond 
as  the  Board  may  approve  as  "reasonably  necessary"  for 
the  purpose  for  which  they  are  authorized.*  New  shares 
are  to  be  issued  at  not  less  than  par,  at  a  price  to  be  fixed 
by  the  directors,  unless  the  Board  considers  such  price  too 
low,  in  which  case  the  latter  may  determine  the  price.^ 
Nor  shall  the  bonded  indebtedness  exceed  the  capital 
actually  paid  in.®  Finally,  holding  companies  are  done 
away  with  by  the  law  of  1913  which  forbids  one  corpora- 
tion to  hold  more  than  ten  per  cent  of  the  stock  of  a  gas  or 
electric  light,  heat,  or  power  company." 

2.  The  Work  or  the  Massachitsetts  Board  of  Gas  and 
Electric  Light  Commissioners 

Massachusetts  led  the  other  States  by  about  twenty 
years  in  commission  regulation  of  private  and  municipal 
electric  lighting,^  There  were  no  precedents  to  follow.^ 
Experience  and  the  judgment  of  the  Commissioners  them- 
selves have  helped  to  make  the  law  from  year  to  year.  The 
authority  lodged  in  the  hands  of  these  three  men  has  been 
gradually  increased,  and  only  once  (the  Fall  River  case) 

1  Mass.,  1914,  ch.  742,  sect.  157. 

2  Ibid.,  sects.  36-37.  ^  Ibid.,  sect.  40.  *  Ibid.,  sect.  39. 

5  Ibid.,  sect.  43.  «  Ibid.,  sect.  38.  ^  Mass.,  1913,  ch.  597. 

'  No  other  commissions  for  the  regulation  of  electric  lighting  compan- 
ies were  created  before  1907,  and  only  five  before  1910.  Since  that  date 
about  twenty  more  have  been  established.  Not  half  of  these  have  juris- 
diction over  municipal  lighting. 

9  Mass.  G.  &E.,  i:6. 
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has  tho  action  of  the  Board  been  reviewed  or  reversed  by 
the  superior  court. ^  It  has  constantly  been  a  moulder  of 
public  opinion  with  respect  to  public  utilities,  not  only 
in  the  State,  but  throughout  the  Nation. 

In  dealing  with  the  problem  of  municipal  ownership  the 
Board  has,  with  few  exceptions,  been  untiring  in  its  in- 
sistence that  public  business  should  conform  to  the  best 
practice  of  private  business.  The  task  has  been  enormous. 
It  was  many  years  before  any  satisfactory  accounts  could 
be  secured  from  municipal  managers.  ^  Constant  visiting, 
advice,  and  correspondence  have  been  and  still  are  neces- 
sary. Much  expert  assistance  is  rendered  from  time  to 
time.  In  the  face  of  numerous  petitions  for  the  lowering 
of  rates,  the  Board  has  sometimes  abided  by  the  letter  of 
the  law,  refusing  to  let  current  be  sold  for  less  than  cost 
as  defined  by  the  statute.  It  has  always  maintained  that 
taxpayers  should  not  be  burdened  for  the  benefit  of  private 
consumers.  Yet,  when  there  seemed  a  good  prospect  of  de- 
veloping business  thereby,  it  has  not  hesitated  to  use  its 
discretionary  power  by  granting  provisionally  a  rate  lower 
than  cost.^  At  all  times  the  aim  has  been,  not  merely  to 
insist  upon  the  principles  of  sound  public  finance,  but  also 
to  inculcate  high  civic  ideals.  Whatever  may  have  been 
the  purpose  of  the  framers  of  the  law,  and  it  seems  to  have 
been  rather  hostile  to  public  ownership,  the  outcome  has 
been  that,  due  to  the  very  restrictions  of  the  law  and  due 
still  more  to  the  fostering  care  of  the  Board,  the  experi- 
ment of  municipalization  has  been  carried  out  under  more 
favorable  conditions  in  Massachusetts  than  in  any  other 

^  For  an  interesting  case  see  Mass.  G.  &  E.  xxix:  12-13,  and  386a- 
395a;  cf.  Mass.,  1915,  ch.  21,  which  extends  the  supervision  of  the  Board 
to  water  companies.  Cf.  also  Mass.,  1908,  ch.  617;  1914,  ch.  742,  sects. 
1  and  166;  1916,  ch.  64,  — whereby  the  authority  of  the  Board  has  been 
extended  to  purely  power  companies  as  well  as  to  hydro-electric  com- 
panies. 

2  Mass.  G.  &E.,  xin:54. 

'  See  Mass.  G.  &  E.,  x:  33-34;  xiv:  10-13;  xv:  13, 14;  and  xxx:  95, 96, 
104-108,  110-119. 
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state  in  the  Union,  and,  perhaps,  than  in  any  other 
place  that  we  know  about,  not  excepting  England  or 
Germany. 

As  the  law  for  companies  has  been  more  complicated 
and  less  specific  than  that  for  the  public  plants,  the  Board 
has  by  its  decisions  and  recommendations  influenced  legis- 
lation and  established  important  precedents.  If  the  original 
purpose  of  the  law  was  to  restrain  competition  and  foster 
monopoly,'  it  is  certainly  true  that  the  Commissioners, 
while  abiding  by  the  formal  letter,  have  infused  into  it  the 
real  spirit  which  should  pervade  all  public  utility  laws  — 
strict  regulation  for  the  highest  good  of  all.  At  an  early  date 
the  Board  called  attention  to  the  evils  which  might  result 
from  competition  due  to  failures  or  future  consolidations, 
as  well  as  to  the  annoyances  which  would  arise  from  undue 
interference  with  the  pubhc  highways.  ^  The  policy  has 
been  never  to  admit  a  competing  company  unless  it  should 
have  been  clearly  demonstrated  that  it  would  in  the  long 
run  render  better  and  cheaper  service  than  the  existing 
company.'  Very  frequently  it  has  been  necessary  to  re- 
verse permissions  granted  by  municipalities,  even  after 
contracts  have  been  entered  into.*  Private  individuals 
have  usually  been  restrained  from  erecting  their  wires 
in  the  pubUc  streets.^  The  Board  has  always  favored  one 
large  plant  on  the  ground  of  efficiency  and  economy,  rather 
than  several  small  ones,^  and  has  by  its  decisions  encour- 
aged the  large  companies  to  generate  the  current  for  the 
smaller  ones  as  well  as  for  both  private  and  public  consum- 
ers in  other  localities.'    This  policy,  combined  with  con- 

1  Gray.  Q.J.  E.,  xv:254. 

2  Mass.  G.  &  E.,  v:  3,  4,  9»-98. 

s  Ibid.,  XIII :  11 ;  XIX :  22-25;  xxin :  28.  *  Ibid.,  v :  104-108. 

6  Ibid.,  v:  97,  98,  and  xxvn:  32-39.  «  Ibid.,  xxiv:  cccii. 

^  Ibid.,  xxvii:  316a.  A  recent  order  of  the  Board  (1918)  is  meant  to 
encourage  consolidation  of  resources  during  the  war,  with  a  view  par- 
ticularly to  economy  in  generation  of  current.  This  order,  with  some 
amplifications,  has  just  been  enacted  into  law  by  chapter  152  of  the 
General  Acts  of  1918. 
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slant  regulation  of  rates,  has  served  to  keep  those  in  the 
business  always  on  the  alert. 

In  public  service  regulation  control  of  capitalization 
and  rate-making  are  different  aspects  of  the  same  problem. 
When  the  question  of  the  reasonableness  of  rates  arises, 
the  Board  usually  reviews  the  financial  history  of  a  com- 
pany before  making  its  decision.  As  a  result  of  many  years 
of  supervision  of  stock  and  bond  issues,  it  considers  a 
physical  valuation  of  the  plants  in  the  State  unnecessary.^ 
In  fact,  no  definite  theory  of  valuation  has  ever  been  laid 
down,  but  every  effort  has  been  made  to  keep  the  "fair 
structural  value"  of  the  plant  equal  to  the  outstanding 
stock  and  bonds.  ^  While  many  years  ago  it  was  suggested 
that  a  natural  increase  in  the  value  of  real  estate  might  in 
some  cases  offset  the  failure  to  charge  off  depreciation,' 
the  Board  is  in  general  opposed  to  allowing  a  return  on  the 
unearned  increment  of  land.*  "Working  capital"  is  rarely 
mentioned,  intangibles  are  not  allowed  in  the  valuation, 
and  the  capitalization  of  high  earnings  against  the  public 
is  vigorously  opposed.^  The  legal  restrictions  placed  upon 
the  issue  of  new  capital  have  led  to  the  policy,  on  the  part 
of  the  companies,  of  creating  a  large  proportion  of  floating 
indebtedness,  most  of  which  at  present  probably  repre- 
sents lawful  expenditures  for  extensions,  improvements, 
and  new  plant,  but  some  of  which  has  been  occasioned  by 
past  losses  in  operation.  This  issue  of  notes  undoubtedly 
complicates  the  work  of  the  Commissioners,  yet  they  have 
always  stood  for  the  principle  that  depreciation  of  all  kinds 
should  be  paid  out  of  earnings  and  that  losses  cannot  be 
capitalized.® 

1  Mass.  G.  &  E.,  xxix:  374a. 

2  Ibid.,  XXIV :  43;  also  Mass.,  1896,  ch.  473,  and  1914,  ch.  742,  sect.  40. 
'  Ibid.,  i:  6.  *  Ibid,  xxix:  20. 

5  Ibid.,  IX :  8,  and  xxix:  12,  13,  386a-395a. 

«  Ibid.,  x:  41-45,  and  xv:  21-20.  On  February  21,  1917,  the  Board, 
after  the  Edison  Electric  Illuminating  Company  of  Boston,  failing  to 
secure  their  approval  of  a  new  stock  issue,  had  issued  6ve-year  coupon 
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Though  at  an  early  date  the  Board  realized  that  capital 
must  be  encouraged  in  order  to  develop  the  electric  light 
and  power  business  to  its  greatest  efficiency,^  yet  by  reason 
of  the  comparative  regularity  of  returns  which  might  result 
from  practical  monopoly,  it  maintained  that  profits  could 
not  reasonably  be  expected  to  be  so  high  as  in  more  venture- 
some undertakings.  2  In  the  Springfield  rate  case,  in  1893, 
the  principle  was  established  that  the  consumer  should 
pay  enough  to  cover  (a)  the  fair  cost  of  production,  (b)  a 
fair  dividend  on  a  reasonable  amount  of  capital,  and  (c)  an 
additional  amount  sufficient  to  create  a  surplus  against 
extraordinary  contingencies.^ 

In  spite  of  the  large  discretionary  power  left  to  the 
Commissioners,  it  is  probably  true  that  no  honestly  man- 
aged company  has  ever  suffered  because  of  the  interpreta- 
tion put  upon  the  terms  "fair"  and  "reasonable."*  Yet 
rates  have  usually  been  regulated  downward,  and  divi- 
dends have  in  certain  cases  been  temporarily  almost  wiped 
out.  The  present  has  occasionally  been  compelled  to  pay 
for  the  financial  follies  of  the  past.  The  regulation  is  par- 
ticularly strict  in  cases  in  which  there  seems  to  have  been 
exploitation  by  voluntary  associations:^  "Common  con- 
trol" and  interlocking  directorates  are  frowned  upon. 
Special  rates  are  opposed,  whether  given  to  a  municipality 
or  to  a  private  customer.®    Differential  rates  are  upheld, 

notes  to  the  extent  of  $10,000,000,  petitioned  the  State  Legislature  to 
extend  their  authority  to  cover  the  issue  of  long-time  notes  as  well  as 
that  of  stocks  and  bonds.  However,  no  legislative  action  was  taken  on 
the  matter. 

1  Mass.  G.  &  E..  in:  56.  '  Ibid.,  iv:  79.  »  Ibid.,  rx:  8. 

*  For  an  interesting  comment  on  this  point  by  "the  opposition,"  of. 
Marks:  186. 

^  Mass.  G.  &  E.,  xxiv:  ccxcix-cccv;  xxv:  15;  xxvn:  36a;  xxix:  327- 
367a;  xxx:  49;  xxxi:  19-27,  60-63.  96.  By  an  order  of  December  14, 
1916,  the  Board  endeavors  to  prevent  dealings  between  the  companies 
under  their  supervision  and  other  concerns  with  which  their  directorates 
interlock.  This  is  a  sweeping  order  which  would  probably  not  be  upheld 
in  the  courts. 

8  Ibid.,  XVII :  19,  20;  xxiv:  48. 
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not  in  accordance  with  any  intricate  "cost-of -service'* 
principle,  but  for  the  practical  commercial  reason  that 
they  are  needed  at  present  to  get  and  develop  the  busi- 
ness, thereby  causing  an  ultimate  reduction  in  price  to  all 
consumers.*  Nor  has  the  Board  failed  to  recognize  the 
fact  that  the  length  of  contract  entered  into  by  a  munici- 
pality for  its  street  light  has  a  marked  bearing  upon  the 
price  at  which  that  light  can  be  secured.^ 

The  Board  has  expressly  avoided  suggesting  what  it  con- 
siders a  "fair"  rate  of  return  on  the  market  value  of  the 
capital  stock.  3  No  maximum  profit  is  fixed.  In  fact  it 
would  be  highly  inconsistent  to  stipulate  a  maximum  rate 
of  return  upon  capital  that  has  been  acquired  under  the 
restrictions  and  limitations  of  the  Massachusetts  laws.* 
High  dividends,  however,  are  regarded  as  a  "reward  rather 
than  a  right,"  and  hence  cannot  in  themselves  be  an 
excuse  for  the  maintenance  of  high  prices.^ 

In  conclusion,  no  more  fitting  statement  could  be  made 

of  the  policy  which,  as  an  ideal,  at  any  rate,  has  for  thirty 

years  guided  the  Massachusetts  Board  of  Gas  and  Electric 

Light  Commissioners,  than  to  quote  from  a  recent  address 

of  General  Morris  Schaff,  who  for  twenty-five  years  has 

been  a  member  of  the  Board.   That  poUcy,  in  a  word,  is 

this:  — 

Ceaseless  and  resolute  protection  of  the  companies  from  po- 
litical demagogues,  generous  allowance  to  stockholders  upon  the 
legitimate  and  authorized  capital  of  the  undertaking,  and,  in 
harmony  with  a  long,  deliberate,  and  oft-repeated  policy  of  the 
great  Commonwealth,  insistence  upon  as  low  a  capitalization  as 
circumstances  will  permit  and  such  management  as  will  provide 
for  the  very  best  care  of  the  plant,  anticipating  as  far  as  possible 
every  call  for  more  and  better  service;  and  finally,  and  above 
all,  in  season  and  out  of  season,  the  cultivation  of  honor  and  a 
high  public  spirit  on  the  part  of  the  directorates.® 

1  Mass.  G.  &  E.,  XXIV :  50-55.  But  cf.  ibid.,  xiii:  11-14,  for  an  earlier 
ruling  to  the  contrary. 

2  Ibid.,  XXIV :  50-55.         '  Ibid.,  xxx:  40.         *  Ibid.,  xxxi:  25,  26. 
6  Ibid.,  XXXI :  31.  «  Util.  Mag.,  i:  3: 137  (January,  1916). 


CHAPTER  III 

MUNICIPAL  AND  PRIVATE  ELECTRIC  LIGHTING  IN 
MASSACHUSETTS:  METHODS  OF  COMPARISON  TO  BE 
FOLLOWED  ^ 

1.  The  Electric  Light  and  Power  Industry  in 

Massachusetts 

The  growth  of  the  electric  light  and  power  business  in 
Massachusetts  has  been  comparatively  free  from  the  spec- 
ulation and  risks  which  have  characterized  the  beginning 
of  the  industry  in  many  of  the  newer  States.  This  has 
been  due  in  large  measure  to  the  fact  that  the  State  at  so 
early  a  period  began  to  regulate  the  companies.  Nor  does 
it  appear  that  the  industry  has  been  seriously  hampered 
by  over-regulation.  Both  public  and  private  plants  have 
rapidly  increased  the  extent  of  their  service.  A  study  of 
the  accompanying  table,  however,  will  show  that  while 
there  has  been  a  great  increase  in  the  investment  in  private 
plants  during  the  past  twenty-five  years,  the  number  actu- 
ally in  operation  has  tended  to  decrease.  In  fact,  in  1890 
the  number  of  companies  of  all  sorts  subject  to  the  control 
of  the  Board,  many  of  which  were  not  actually  in  opera- 
tion, was  fifty  per  cent  greater  than  in  1915.  Though 
many  new  companies  have  been  established,  many  of  the 
older  ones  have  been  merged,  have  changed  their  manage- 
ment and  name,  or  have  ceased  operation.  The  period  of 
most  rapid  increase  was  from  1886  to  1890,  and  during 
1889  there  were  formed  44  new  electric  companies  and 

^  Most  of  the  data  in  this  chapter  have  been  computed  from  the 
thirty-one  Annual  Reports  of  the  Board  of  Gas  and  Electric  Light  Com- 
missioners or  from  the  annual  returns  made  by  the  individual  plants  to 
the  Board.     Specific  references,  under  the  circumstances,  will  usually 
not  be  given,  as  the  presentation  is  the  writer's  own. 
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4  gas  and  electric  companies.*  Since  about  1900  there 
has  been  a  very  considerable  decrease  in  numbers.  ^  The 
number  of  municipal  plants,  on  the  other  hand,  has  con- 
tinuously grown  from  only  one  in  1890  to  39  in  1915, 
while  the  periods  of  greatest  absolute  increase  have  been 
from  1890  to  1895  and  from  1910  to  1915.  ^ 

In  1886  there  were  40  electric  companies  with  an  aggre- 
gate capital  of  $3,500,000,  and  average  of  $90,000  each.* 
Twenty-nine  years  later  55  solely  electric  companies  re- 
ported a  total  capital  of  almost  $40,000,000,  equivalent  to 

»  Mass.  G.  &E.,  v:55. 

^  Persons,  Grms,  and  private  corporations  other  than  electric  companies, 
actually  engaged  in  making  or  distributing  current  for  light  or  power, 
are  included  whenever  the  term  "plants"  or  "stations"  is  used.  Unless 
otherwise  indicated,  the  hydro-electric  companies  are  omitted,  as  they 
were  not  until  recently  included  in  the  returns,  and  are  relatively  new 
in  the  field. 

'  In  this  connection,  it  may  be  worth  while  to  indicate  the  relative 
importance  of  the  electric  light  and  power  business  in  Massachusetts 
as  compared  with  that  of  the  other  States.  From  the  Census  Report  of 
1912  it  appears  that  the  relations  are  as  shown  in  the  accompanying 
table. 

Table  3.    Relation  of  the  Electrical  Industrt  in  Massachusetts 
TO  that  in  Other  States 


Rank 

For  all 
plants 

Private 
plants 

Municipal 
plants 

In  number 

16th 
6th 
7th 
5th 

14th 
? 

0th 
5th 

18th 

In  investment 

? 

In  output  of  current 

6th 

In  generating  capacity 

6th 

It  is  evident,  that,  so  far  as  concerns  the  investment  of  capital  and 
the  actual  business  done,  this  State  ranks  among  the  first  in  the  indus- 
try. The  municipal  plants,  while  numerically  occupying  only  a  middle 
position  in  1912,  stood  sixth  in  point  of  output  of  current.  Of  the  five 
States  ranking  higher  in  this  regard,  only  two,  Illinois  and  Michigan, 
show  a  noticeable  difiFerence,  which,  by  the  way,  is  occasioned  mostly 
by  the  large  publicly  owned  street  lighting  plants  of  Chicago  and  De- 
troit. The  other  three  States,  Ohio,  Wisconsin,  and  Indiana,  rank  very 
close  to  Massachusetts. 

«  Mass.  G.  &E.,  u:57. 
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more  than  $700,000  per  company  —  a  sevenfold  increase. 
In  1895  the  assets  of  83  private  plants  doing  an  electric 
lighting  business  amounted  to  more  than  $18,000,000,  or 
about  $220,000  per  plant.  ^  At  the  end  of  twenty  years 
the  average  (for  77  plants)  had  increased  to  almost  $1,200,- 
000,  which  would  be  subject  to  a  still  further  increase  of 
$100,000,  if  the  6  hydro-electric  companies,  with  com- 
bined assets  of  more  than  $15,000,000,  be  included.  The 
average  assets  of  12  municipal  plants  in  1895  were  less 
than  $50,000,2  while  in  1915  we  find  an  increase  to  $120,000 
per  plant.  Since  1900  the  relative  increase  in  the  total 
assets  of  the  two  groups  of  plants  has  been  almost  iden- 
tical —  300  per  cent.  The  proportion  which  the  municipal 
plant  assets  bear  to  the  total  for  all  plants,  excluding  the 
hydro-electric  companies,  has  stood  at  approximately  5 
per  cent  during  the  past  fifteen  years. 

Table  4.  Number  of  Central  Electric  Stations  of  All 
Kinds  m  Massachusetts  (1886-1915)^ 


1886 

1890 

1895 

1900 

1905 

1910 

1915 

^^ 

^^ 

,^ 

« 

"lA 

c 

o 

e 

C3 

e 

Central  Staliona 

^ 

.». 

^ 

•?- 

V 

•Si 

U 

.& 

V 

^ 

t 

V 

.*• 
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•^ 

« 

■2 

« 

•2 

e 

a 

a 

•2 

s> 

8 

a 

a 

» 

s 

» 

« 

s 

a 

& 

a 

ft. 

^ 

^ 

S 

a, 

^ 

^ 

1 

<i; 

1 

^ 

1 

<t 

>^ 

Under  supervision  of 

Board  (Jan.) : 

Total  number 

, , 

,  , 

126 

,   , 

83 

10 

97 

17 

94 

23 

97 

29 

83 

39 

Electric 

100 

,  , 

58 

8 

73J 

14 

08 

17 

70 

25 

G16 

35 

Gas  and  electric 

7 

,  , 

26 

,  , 

25 

2 

24 

3 

26 

4 

27 

4 

22 

4 

Actually  in  operation 

(June) : 

Total  number 

42 

,  , 

83 

1 

83 

12 

97 

18 

94 

23 

89 

29 

80 

39 

Electric 

40 

,  , 

65 

,  , 

61 

10 

73J 

15 

683 

18 

67< 

25 

58 

35 

Gas  and  electric 

2 

•• 

13 

•• 

22 

2 

24 

3 

26 

4 

22 

4 

22 

4 

'  Persons,  firms,  and  private  corporations  other  than  electric  companies,  actually  en- 
gaged in  maldng  or  distributing  current  for  light  or  power,  are  included,  with  the  excep- 
tion of  the  hydro-electric  companies. 

*  Including  14  unincorporated. 
'  Including  11  unincorporated. 

*  Including  \i"  others." 

'  Including  9  "  others  ";  6  hydro-electric  companies  not  included. 


^  The  electric  assets  of  22  gas  and  electric  plants  are  included. 
*  The  gas  plant  assets  are  excluded. 
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Table  5.  Assets  of  Private  and  Municipal  Electric  Light 
Plants  in  Massachusetts  (1891-1915)  ^ 


Character  of 
Plant 

1891 

1895 

1900 

1905 

1910 

1915 

Private  plants  : 
Total  assets.. .. 

$12,114,531 

$18,386,096 

$23,827,077 

$38,640,912 

$54,800,639 

$91,531,184 

Electric  

9,931,888 

15,620,073 

20,648,766 

33,520,123 

46,963,860 

77,588,473 

Electric     as- 

sets of  gas 

compauies. 

2,182,643 

2,766,023 

3,178,311 

5,120,789 

7,836,779 

13,942,706 

Municipal 
plants : 
Total  assets.,.. 

15,000 

(7)568,000 

1,156,685 

2,319,407 

3,409,441 

4,738,470 

Electric 

15,000 

428,009 

970,480 

1,435,217 

2,296,014 

3,372,273 

Electric      as- 

sets of  gas 

plants 

(7)140,000 

(7)186,205 

(7)884,190 

1,113,427 

1,416,197 

»  The  6  hydro-electric  companies  omitted  would  increase  the  company  assets  for  1915 
to  nearly  $107,000,000.  The  assets  given  in  this  table  do  not  always  cover  the  identical 
number  of  plants  listed  in  Table  4,  due  to  the  fact  that  one  or  two  unimportant  plants 
may  not  have  returned  the  proper  data. 

According  to  the  Annual  Report  for  1891,  25  out  of  57 
electric  companies  in  Massachusetts  paid  an  aggregate 
dividend  of  $263,000,  equal  to  4.5  per  cent  on  the  entire 
capital,  and  ranging  from  1  to  10  per  cent  for  the  individual 
companies.  In  1915,  43  of  55  electric  companies  paid  divi- 
dends of  from  1  to  32  per  cent,  a  total  of  more  than  $4,000,- 
000,  equivalent  to  about  10  per  cent  on  the  capital  stock. 
If,  however,  we  include  the  premiums  realized  on  the  sale 
of  capital  stock,  as  should  be  done,  the  rate  of  dividend 
becomes  only  6.7  per  cent.  Again,  52  of  the  companies  in 
1891  returned  an  actual  net  surplus  of  $475,000,  or  9  per 
cent  of  the  outstanding  capital,  while  in  1915  the  aggre- 
gate net  surplus  of  55  companies  amounted  to  more  than 
$5,000,000,  or  about  13  per  cent  of  the  capital.  Slight 
deficits  were  returned  for  12  companies  in  1891  and  for  5  in 
1915.  For  the  municipal  plants  there  was  a  total  deficit 
of  $86,000  in  1897,  and  an  aggregate  surplus  of  $800,000 
in  1915,  of  which  $750,000  was  the  reported  surplus  of  the 
Holyoke  plant.  ^ 

It  is  impossible  to  secure  any  accurate  data  regardmg 

1  If  the  surplus  is  properly  apportioned  between  the  gas  and  the  elec- 
tric plant,  the  total  becomes  very  much  smaller. 
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the  total  output  and  sales  until  about  1907  or  1908,  as 
much  of  the  current  was  not  metered  before  that  time.^  It 
appears,  however,  that  12  of  the  52  plants  operating  in 
1887  were  selling  some  current  for  power  and  all  but  3 
report  a  commercial  lighting  business.  ^  Ten  years  later, 
though  all  of  the  municipal  plants  but  2,  Needham  and 
Wellesley,  did  a  commercial  hghting  business,^  practically 
no  power  was  furnished  by  them.  Since  1906,  however, 
all  public  plants  do  private  Hghting,  and  during  the  past 
ten  years,  the  power  business  of  the  municipal  plants  has 
gradually  increased  until  at  present  the  relative  amount 
of  current  sold  for  this  purpose  is  about  the  same  for  the 
public  as  for  the  private  plants.  Of  the  85  private  plants 
which  operated  at  some  time  during  the  year  1915,  11 
report  no  power  sales,  while  3  and  probably  5  of  the  public 
plants  sold  no  current  for  power.^ 

According  to  the  Census  Report  on  Central  Electric 
Light  and  Power  Stations  for  1902,^  the  estimated  yearly 
output  of  97  private  stations  in  Massachusetts  was  121,- 
600,000  kilowatt  hours,  or  1,250,000  per  plant.  For  17 
public  stations  the  total  output  was  4,200,000  kilowatt 
hours,^  approximately  250,000  per  plant.  In  1915,  75 
private  plants  show  an  average  output  of  more  than 
6,700,000  kilowatt  hours  each,  which  decreases  to  about 
4,000,000  if  we  omit  the  Boston  Edison  with  an  output 
of  nearly  200,000,000  during  the  year.  If,  however,  all 
concerns  doing  an  electric  light  and  power  business  are 
counted,^  including  five  hydro-electric  companies,^  it  ap- 

^  Mass.,  1905,  ch.  410,  sect.  5.  The  Board  is  empowered  to  require 
municipalities  to  meter  their  current. 

2  Mass.  G.  &  E.,  hi:  59-67. 

'  Three  others,  Braintree,  Danvers,  and  Peabody,  began  doing  only 
street  lighting,  but  soon  added  the  commercial  business. 

*  The  returns  are  made  out  in  such  a  way  as  to  leave  the  matter  doubt- 
ful in  two  cases. 

6  Op.  eit.,  123.  «  Ihid.,  139. 

^  Five  small  plants  did  not  report  the  output  for  the  year. 

8  The  output  of  one  of  the  large  hydro-electric  companies  is  not  given 
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pears  that  85  stations  had  an  average  output  of  nearly 
8,000,000  kilowatt  hours.  The  39  municipal  plants  during 
the  same  year  had  an  average  output  of  about  1,000,000 
hours;  but  as  Holyoke  alone  produced  more  than  one 
third  of  the  total,  it  should  be  omitted  in  computing  the 
average,  which  then  becomes  650,000.  AVhile  the  output 
per  plant  has  not  increased  so  rapidly  in  the  public  as  in 
the  private  stations,  the  relative  total  output  has  until  re- 
cently increased  much  more  rapidly.  Whereas  in  1902  the 
municipal  output  seems  to  have  been  about  3.3  per  cent 
of  the  total,  it  amounted  in  1907  to  6.0  per  cent,  and  in 
1912  to  7.2  per  cent.  For  1915  the  proportion  stands  at 
7.0  per  cent,  or  at  only  5.4  per  cent  if  the  hydro-electric 
companies  are  included.  The  rapid  increase  during  the 
first  five-year  period  was  occasioned  by  the  accession  of 
Holyoke,  and  since  1912  there  has  been  a  noticeable  fall- 
ing-off.i  -  ] 

The  accompanying  table  (Table  6),  though  for  the  earlier 
periods  based  partially  on  estimates,  will  serve  in  a  rough 
way  to  indicate  the  relation  which  the  unit  operating  costs 
and  income  bear  to  each  other  in  the  two  groups  of  plants. 

As  the  current  used  at  stations,  unaccounted  for,  and 
lost  through  lines,  transformers  and  meters,  could  not  be 
determined  for  1902  and  1907,  only  the  total  output  and 
not  the  amount  actually  sold  has  been  used  in  making 
the  computations  throughout.  For  the  municipal  plants 
the  estimated  value  of  free  service  (public  lighting)  is 
included  for  every  year  except  1915;  but  for  this  year  the 
actual  commercial  income  is  used  and  the  amount  of 
current  put  out  for  street  lighting  is  deducted  from  the 
total  output  in  making  the  computation.  This  will  account 
partially  for  the  seemingly  low  income  figure  given  for 

as  it  does  no  transmission  business.   One  hydro-electric  company  reports 
an  output  of  125,000,000  kilowatt  hours  for  the  year  ending  June  30, 
1915. 
»  See  Table  6. 
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Table  6.  Operating  Expenses  and  Operating  Income  per 
Kilowatt  Hour  Output  in  Public  and  Private  Plants 
(1902-1915)  1 


Date 

Operating  expenses  per  kiloioatt 
hour  output    (cents) 

IncoTne  from  sale  of  current  per 
kilowatt  hour  output     {cents) 

Companies 

Municipal 

Companies 

Municipal 

1902 
1907 
1912 
1915 

3.38 

2.77 
2.22 
2.12 

5.21 
3.26 

2.77 

2.44 

(3.03)2 

5.41 

4.72 
3.76 
3.46 

6.31 
5.63 
4.53 
3.61 

(4.40)« 

I  The  data  on  which  this  table  is  based  are  derived  from  the  Census  Reports  for  1902, 
1907,  and  1912,  from  the  Annual  Reports  of  the  Board  for  the  same  dates  and  for  1915j 
and  from  a  study  of  the  municipal  returns  for  1915. 

»  Excluding  Uolyoke. 


1915,  which  would  have  been  4,40  cents  had  the  public 
plant  of  Holyoke'been  omitted,  since  it  is  too  large  to  be 
typical  of  this  group  of  plants.  It  must  also  be  explained 
that  the  decided  decrease  in  the  unit  cost  of  municipal 
plants  from  1902  to  1907  is  in  large  measure  due  to  the 
fact  that  the  Holyoke  plant  was  taken  over  during  that 
period.^  Furthermore,  we  must  remember  that  only  by 
making  allowance  for  the  difference  between  output  and 
sales,  varying  from  plant  to  plant  and  in  many  eases 
amounting  to  25  per  cent  of  the  total,  can  any  fair  basis 
of  comparison  be  established.  The  nature  of  the  business 
done,  the  character  of  the  territory  served,  the  age  and 
size  of  the  plants,  the  kind  of  primary  power  used,  and 
many  other  factors,  must  all  be  considered  if  we  wish  to 
be  accurate.  Finally,  in  the  case  of  the  public  plants  the 
"operating  expenses,"  as  returned  and  as  used  in  the 
computation,  by  no  means  represent  the  real  costs.  Of 
this  more  will  be  said  later.    The  figures  serve  to  show, 

^  Holyoke  began  operation  as  a  municipal  plant  at  the  end  of  1902,  and 
made  no  return  until  1903. 
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however,  that  both  municipal  and  private  plants  have 
been  steadily  reducing  their  operating  expenses  as  well  as 
their  charges  for  current. 

The  integration  and  horizontal  combination  previously 
referred  to  have  been  very  marked  in  the  electric  lighting 
and  power  business  in  Massachusetts,  particularly  since 
1900.  In  1887  there  were  52  plants  actually  in  operation, 
supplying  current  to  60  different  towns  and  cities,^  and 
in  1900,  97  plants  supplied  124  municipalities.  But  80 
private  plants  reporting  in  1915  did  business  in  248  differ- 
ent municipalities,  of  which  the  Boston  Edison  alone  sup- 
plied 39.2  "pjjg  39  public  plants  at  the  same  date  furnished 
current  to  only  43  cities  and  towns.  There  have  also  been 
a  large  number  of  combinations  of  gas  and  electric  com- 
panies, while  many  gas  companies  have  undertaken  the 
supply  of  electricity,  thus  effecting  certain  economies,  par- 
ticularly in  management.  The  proportion  of  such  com- 
posite plants  has  remained  nearly  constant  for  more  than 
twenty  years  and  amounted  to  about  28  per  cent  of  the 
total  in  1915.  Finally,  at  least  30  per  cent  of  all  the  private 
plants  are  owned  or  controlled  by  six  voluntary  associa- 
tions, and  several  well-known  groups  of  investors  control 
a  large  portion  of  the  rest.  This  aspect  of  the  question, 
however,  is  scarcely  relevant  to  the  subject  under  dis- 
cussion. ^ 

Of  great  significance  is  the  fact  that  while  in  1887  the 
52  plants  mentioned  all  generated  their  own  current,* 
twenty  years  later  17  of  the  69  private  plants  reported,  or 
25  per  cent  of  the  total,  produced  no  current,^  and  in  1915 
out  of  80  plants  32,  or  40  per  cent,  were  buying  all  of  their 

1  Cf.  Mass.  G.  &  E.,  iii:  59-67,  and  xxvii:  316a. 

2  Ibid.,  XXXI :  156-159. 

'  For  interesting  discussions  of  consolidation  and  common  control,  see 
Mass.  G.  &  E.,  XXIV :  ccxciv-cccvii,  and  xxix :  327a-367a.  Cf .  also  Mass. 
G.  &E.,  XXXI :  12-13. 

4  Cf.  Mass.  G.  &  E.,  xxvii:  316a. 

^  Ibid.,  XXIV :  ccxcix. 
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current.  At  the  latter  date  at  least  half  as  many  more 
were  purchasing  some  current,  in  several  cases  more  than 
50  per  cent  of  their  output.  This  change  has  been  due 
largely  to  the  fact  that  many  of  the  smaller  concerns  for- 
merly generating  their  own  current  have  found  it  more 
profitable  to  buy  from  the  larger  companies,  and  par- 
tially to  the  fact  that  within  recent  years  a  number  of 
plants  have  commenced  operation  with  only  a  distributing 
system.  Of  the  municipal  plants  about  20  per  cent  pro- 
duced no  current  during  the  period  1895-1906,  while  at 
the  beginning  of  1916  the  proportion  had  increased  to  60 
per  cent  of  the  total,  23  out  of  39  plants,  and  two  others 
were  buying  the  greater  part  of  their  current.^  By  the  end 
of  1917,  however,  only  11  of  these  plants  were  generating 
current.  Thus  it  appears  that  50  per  cent  of  the  electric 
plants  in  the  State  are  now  buying  all  of  their  current. 

The  accompanying  table  (Table  7)  has  been  arranged 
for  the  purpose  of  showing  the  relative  amounts  of  current 
purchased  by  public  and  private  plants  in  1907  and  1915. 
Re-sales  have  been  deducted  whenever  they  could  be  as- 
certained. ^  -  -j^ 

In  1907  the  companies  bought  3.6  per  cent  of  their  total 
output,  while  in  1915  the  amount  had  increased  to  ap- 
proximately 10  per  cent,  either  excluding  or  including  the 
hydro-electric  companies  which  also  purchase  a  consider- 
able quantity  of  current.  The  proportion  purchased  by 
municipal  plants  has  also  increased  at  an  equal  rate  from 
6.6  per  cent  to  18.4  per  cent.  Upon  analysis  it  appears 
that  the  private  plants  in  1915  purchased  a  total  of  50,000,- 
000  kilowatt  hours,  of  which  more  than  12,000,000  were 

^  Wakefield  ceased  generating  current  during  the  fiscal  year  1914-15, 
and  Hull,  at  the  end  of  1915,  voted  to  purchase  her  current  in  the  future. 
During  the  next  two  years  five  other  plants  followed  suit. 

2  Only  round  numbers  are  given,  and,  in  places,  estimates  had  to  be 
used.  The  computations  are  based  on  data  which  can  be  found  in  very 
unsatisfactory  shape  in  the  following  sources;  Central,  1907:  153,  165; 
Mass.  G.  &  E.,  XXIII :  167,  and  xxxi :  332a-336a,  360a. 
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Table  7.  Nxtmber  of  Kilowatt  Hours  generated  and 
purchased  (1907  and  1915) 


Kilowatt  hours 

1907 

1915 

output 

Companies 

Municipal 

Companies 

Municipal 

Generated .... 
Purchased 

198,500,000 
7,500,000 

12,200,000 
800,000 

596,000,000 
(457,000,000)1 
66,000,000 
(50,000,000)1 

31,000,000 
7,000,000 

Total.. 

206,000,000 

13,000,000 

662,000,000 
(507,000,000)1 

38,000,000 

>  Hydro-electric  companies  excluded. 

secured  from  each  other,  about  8,000,000  from  various 
manufacturing  concerns  and  street  railways,  and  30,000,- 
000  from  the  hydro-electric  companies.  If  the  hydro- 
electric companies  are  included,  the  total  becomes  about 
66,000,000,  and  it  is  found  that  in  addition  to  the  above 
purchases  the  latter  bought  more  than  10,000,000  kilowatt 
hours  from  the  electric  companies  and  6,000,000  from  each 
other.  Of  the  7,000,000  hours  purchased  by  municipal 
plants,  340,000  were  secured  from  each  other,  1,350,000 
from  hydro-electric  companies,  and  5,300,000  from  various 
electric  companies.  If  we  compare  the  data  here  given 
with  the  number  of  plants  which  generate  no  current,  it  is 
obvious  that  for  the  most  part  only  the  smaller  plants  are 
buying  their  current. 

A  study  of  Table  8  will  disclose  the  fact  that  22  per 
cent  of  all  private  plants  serve  a  population  under  3,000, 
15  per  cent  a  population  between  5,000  and  10,000,  and 
56  per  cent  a  population  greater  than  10,000.  On  the 
other  hand,  44  per  cent  of  the  municipal  plants  serve  dis- 
tricts with  less  than  3,000  inhabitants,  33  per  cent  a  popu- 
lation ranging  from  5,000  to  10,000,  and  only  21  per  cent 
a  population  greater  than  10,000.  Absolutely,  the  largest 
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number  of  central  stations  is  found  in  the  population 
groups  under  3,000  and  between  20,000  and  50,000  for  the 
companies,  and  in  the  groups  under  3,000  and  between 
5,000  and  10,000  for  the  municipalities.  Of  the  private 
plants  generating  their  current,  80  per  cent  serve  popula- 
tion groups  in  excess  of  10,000,  while  less  than  40  per  cent 
of  the  public  plants  ^erve  such  groups.  Private  generating 
plants  are  found  to  be  most  numerous  in  the  population 
group  between  20,000  and  50,000,  amounting  to  33  per 
cent  of  the  total.  The  largest  number  of  public  generating 
stations,  56  per  cent  of  the  total,  is  met  with  in  the  5,000 
to  10,000  group.  There  is  a  similar  inverse  correspondence 
in  the  case  of  plants  buying  all  of  their  current.  Of  the 
companies  38  per  cent  serve  population  groups  under  3,000, 
and  53  per  cent  serve  groups  of  more  than  5,000.  But  70 
per  cent  of  the  municipal  distributing  plants  are  found  in 
places  with  less  than  3,000  inhabitants,  and  only  26  per 
cent  serve  groups  larger  than  5,000.  The  highest  absolute 
numbers  in  each  case  are  found  in  the  population  groups 
under  3,000  and  between  5,000  and  10,000.  Finally,  it  is 
interesting  to  note  that,  early  in  1916,  10  of  the  private  as 
well  as  10  of  the  pubHc  generating  stations  served  districts 
with  less  than  10,000  population,  and  that  24  private  and 
21  public  distributing  plants  (75  and  90  per  cent  of  the 
respective  totals)  are  found  in  the  same  groups.  This  fact 
would  suggest  the  possibility  of  making  some  useful  com- 
parisons between  municipal  plants  and  the  smaller  com- 
panies, if  other  conditions  are  found  to  be  approximately 
equal,  though  there  is  not  necessarily  any  quantitative 
relation  between  the  population  of  the  district  served  and 
the  output  of  a  central  station. 

From  these  preliminary  surveys  it  is  evident  that  the 
public  plants,  situated  for  the  most  part  in  the  smaller 
municipalities,  constitute  more  than  30  per  cent  of  the  total 
number  of  central  stations  in  Massachusetts,  represent 
about  5  per  cent  of  the  total  assets,  and  put  out  about  7 
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per  cent  of  the  current  (4.3  per  cent  of  the  assets  and  5.4  per 
cent  of  the  output,  if  the  hydro-electric  companies  be  in- 
cluded). Though  the  casual  student  might  be  induced  by 
these  figures  to  draw  the  conclusion  that  the  public  plants 
are  doing  a  proportionately  greater  business  with  a  smaller 
capital  outlay  than  the  private  concerns,  the  data  are,  for 
numerous  reasons,  scarcely  comparable  except  in  the  most 
general  sort  of  way. 

In  the  first  place,  the  Holyoke  plant  alone  accounts  for 
one  fourth  of  the  assets  and  more  than  one  third  of  the 
output  of  current  for  the  municipal  plants.  This  fact  tends 
to  make  any  general  averages  practically  worthless,  for 
what  is  true  of  Holyoke  is  by  no  means  true  of  the  remain- 
ing plants.  Its  effect  upon  the  averages  is  too  great.  Sim- 
ilarly it  may  be  argued  that  the  Boston  Edison,  with  50 
per  cent  of  the  assets  of  all  private  plants  (hydro-electric 
companies  excluded)  and  producing  two  fifths  of  the  cur- 
rent supplied,  distorts  the  averages  for  the  other  group. 

Again,  many  of  the  private  plants,  having  ceased  either 
wholly  or  in  part  to  generate  current,  are  burdened  with  a 
large  investment  in  useless  generating  equipment  —  dead 
assets.  This  was  true  of  only  two  or  three  of  the  municipal 
plants,  at  the  time  under  consideration.  Furthermore, 
many  of  the  public  plants,  particularly  those  buying  cur- 
rent, carry  no  account  for  real  estate  which  has  been  taken 
over  from  the  municipality  or  which  is  owned  by  another 
"department,"  and  when  they  do  carry  this  account  it  is 
usually  placed  low.  Also  they  have  very  frequently  exer- 
cised their  franchise  right  of  attaching  their  lines  to  foreign 
poles,  whereas  the  companies  generally  own  their  own 
poles.  All  of  these  facts  would  naturally  tend  to  make 
the  plant  accounts  of  municipal  stations  relatively  less 
than  the  company  accounts. 

Practically  no  underground  construction  has  been  in- 
stalled by  the  public  plants,  whereas,  even  in  1911,  50  per 
cent  of  the  value  of  the  distributing  systems  of  the  private 
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plants  was  accounted  for  by  the  underground  lines  and 
conduits,^  At  the  same  time  40  per  cent  of  the  total  invest- 
ment of  the  companies  was  in  their  distributing  systems. 
Hence,  as  there  has  been  a  rapid  growth  of  underground 
construction  during  the  past  few  years,  a  conservative 
estimate  would  put  the  aggregate  value  of  the  under- 
ground systems  at  about  25  per  cent  of  the  total  invest- 
ment. And,  since  this  item,  in  the  majority  of  cases,  prob- 
ably represents  by  so  much  an  absolute  addition  to  the 
investment,  due  to  the  cost  of  changing  from  the  old 
overhead  system,  this  alone  would  be  almost  sufficient  to 
reverse  the  relation  which  above  appeared  to  exist  between 
the  proportionate  assets  of  the  municipal  plants  and  their 
proportionate  output  of  current. 

Finally,  the  plant  accounts  as  carried  by  the  municipali- 
ties have  been  constantly  written  off  each  year  for  depre- 
ciation, at  the  rate  of  5  per  cent  until  1907,  and  at  the  rate 
of  3  per  cent  in  most  cases  since  that  date.  The  policy  of 
the  private  plants  has  been  very  irregular  in  this  regard. 
Accordingly  their  plant  accounts,  when  compared  with 
those  of  the  public  plants,  will  appear  unduly  large. 

This  is  a  mere  suggestion  of  some  of  the  more  obvious 
conditions  and  considerations  which  totally  invalidate  the 
conclusions  of  one  who  attempts  to  make  comparisons  of 
this  kind  en  masse.  Other  plausible  comparisons  would  be 
subject  to  similar  criticisms.  A  more  careful  study  of  the 
countless  determining  factors  is  demanded,  and  in  the  end 
our  conclusions,  if  really  scientific,  will  doubtless  be  rela- 
tive rather  than  absolute.  Hence,  with  this  general  out- 
line of  conditions  to  serve  as  a  crude  sort  of  guide  to  our 
future  study,  no  further  attempt  will  be  made  to  establish 
any  general  comparisons  between  municipal  and  private 
electric  lighting.  A  point  has  at  last  been  reached  where 
we  can  get  our  bearings,  and  attempt  to  apply  those 
methods  of  investigation  which  may  prove  most  fruitful. 
1  Mass.  G.  &  E.,  XXVII :  3£8a. 
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Before  this  task  is  begun,  however,  a  brief  additional 
reference  must  be  made  to  the  history  of  municipal  elec- 
tric lighting  in  the  State. 

At  an  earlier  date  opinions  were  divided  as  to  the  effect 
which  the  Massachusetts  laws  have  had  upon  the  growth 
of  municipal  electric  lighting.  Some  ardent  champions  of 
public  ownership  at  any  price  have  contended  that  the 
provision  in  the  law  making  it  possible  for  an  already 
existing  plant  to  force  the  sale  of  its  property,  both  gas 
and  electric,  upon  a  municipality  wishing  to  begin  business 
for  itself,  is  decidedly  unreasonable,  and  that  it  should 
at  least  be  permissible  for  a  city  or  town  to  install  its  own 
street  lighting  system  without  such  a  restriction.  Others 
have  maintained  that  public  ownership  has  been  directly 
fostered.^  The  truth  of  the  matter  seems  to  be  that  many 
municipalities  have  been  deterred  from  taking  the  decisive 
step  because  of  the  caution  and  deliberate  action  which 
the  law  induces.  It  is  equally  true  that  when  public 
plants  have  been  started,  they  have,  for  the  most  part,  been 
enabled  to  make  a  fair  success  of  the  undertaking,  by  rea- 
son of  the  restrictions  imposed  by  the  law,  the  aid  rendered 
by  the  Board,  and  the  active  interest  taken  by  the  com- 
munity. 

Of  the  39  publicly  owned  plants  in  the  State,  16,  or  41 
per  cent,  have  been  transferred  from  private  ownership. 
Half  of  this  number  were  generating  plants,  4  of  which  did 
solely  an  electric  business  ^  and  4  a  combined  gas  and  elec- 
tric business.^  The  remaining  8  plants  never  generated 
current,  and  in  three  cases  a  local  plant  was  taken  over,^ 
while  in  five  cases  only  the  distributing  system  of  an  out- 

^  For  some  expressions  of  opinion  on  either  side  of  the  question,  cf. 
Matthews,  Rept.  Brook. :  16,  27-29;  Adams,  in  Pol.  Sc.  Quart.,  xvii:  247- 
255;  Central,  1902:  84;  and  Parsons,  Commons,  and  Bemis,  in  op.  cit. 

2  Hull  (1894),  Chicopee  (1896),  Hudson  (1897),  and  Taunton  (1897). 

3  Middleborough  (1893),  Wakefield  (1894),  Westfield  (1899),  and 
Holyoke  (1902). 

4  Ashburnham  (1908),  Middleton  (1913),  South  Hadley  (1914). 
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side  company  was  bought.^  Seven  of  the  generating  plants 
were  bought  before  1900  and  the  other  one  shortly  after- 
ward. Only  two  of  the  distributing  plants  were  acquired 
during  this  time. 

Table  9.  Private  Plants  changing  to  Municipal 
Ownership 


Character  of  plant 

Before 

lii95 

1S96  to 
1900 

1901  to 
1905 

1906  to 
1910 

1911  to 
1915 

Total 

Generating  plants 

Distributing  systems  (or 
plants) 

3 

1 

4 

1 

1 
0 

0 
3 

0 
3 

8 
8 

Total 

4 

5 

1 

3 

3 

16 

In  every  instance  in  which  a  municipality  has  decided 
to  do  its  own  lighting,  the  local  company,  if  there  was  one, 
has  expressed  its  willingness  to  sell,  and  in  accordance 
with  the  law  the  sale  has  been  made,  with  the  single  ex- 
ception of  North  Attleborough,  which  disregarded  the  law, 
built  its  o-^Ti  plant,  and  forced  the  existing  company  to 
move  elsewhere.^  These  transactions,  however,  were  usu- 
ally accompanied  by  a  good  deal  of  litigation.  An  amicable 
agreement  as  to  the  price  of  the  property  to  be  conveyed 
was  made  in  but  seven  cases  —  all  very  small  plants  and 
only  two  with  a  generating  system.^  In  the  nine  remaining 
cases,  six  of  which  were  generating  plants,  the  courts  and 
specially  appointed  commissioners  had  to  decide  upon  the 
terms  of  transfer.'* 

As  might  have  been  expected,  the  owners  fought  for  a 
higher  price  than  the  municipalities  wished  to  pay,  while 

1  Hingham  (1895),  Belmont  (1898),  Wellesley  (commercial  lighting 
system,  1906),  Groveland  (1907),  and  Lunenburg  (1914). 

2  Mass.  G.  &  E.,  ix:  50;  Adams,  Pol.  Sc.  Quart,  xvii:  249. 

'  Middleborough,  Hull,  Hingham,  Wellesley,  Ashbm-nham,  Middle- 
ton,  Lxmenburg. 

*  Chicopee,  Wakefield,  Westfield,  Hudson,  Taunton,  Holyoke,  Bel- 
mont, Groveland,  South  Hadley. 
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the  latter  stood  out  frequently  for  a  ridiculously  low  figure. 
Though  the  awards  seem  to  have  been  perfectly  fair  to 
both  parties,  since  no  intangibles  could  legally  be  included 
in  the  valuation,  yet  it  has  frequently  been  asserted  that 
in  most  of  the  ten  instances  of  purchase  before  1902  the 
municipalities  paid  too  much  for  their  plants,  as  shown  by 
higher  fixed  charges,  higher  commercial  lighting  rates,  and 
a  higher  cost  of  street  lighting  than  in  the  other  plants.* 

It  is  probably  true  that  the  municipalities  building  their 
own  generating  plants  had  an  advantage  over  those  com- 
pelled to  buy,  as  they  could  utilize  all  the  latest  develop- 
ments in  the  industry  and  could  profit  by  the  lower  cost 
of  equipment.  None  of  these  (10  in  all)  were  equipped  for 
both  commercial  and  street  lighting  until  after  1893,  and 
4  of  them  after  1900.  ^  Of  the  generating  plants  acquired 
from  private  owners,  on  the  other  hand,  7  out  of  8  began 
operation  before  1889,'  at  a  time  when  the  electric  busi- 
ness was  in  a  highly  experimental  stage.  Countless  mis- 
takes and  miscalculations  were  constantly  being  made,  pa- 
tent rights  and  machinery  were  secured  at  exorbitant  prices, 
and  depreciation  from  obsolescence  and  from  inadequacy 
was  exceedingly  rapid.  The  business  was  not  seasoned, 
early  losses  were  great,  and  dividends  were  very  uncertain. 

1  Cf.  Adams:  Mun.  Eng.,  xxv:  232-240;  also  Mun.  Monop.:  154-155, 
2i23-228,  where  an  attempt  is  made  to  prove  that  in  spite  of  these  handi- 
caps municipal  rates  were  lower  than  private  rates.  For  a  discussion 
of  the  bitterly  contested  Holyoke  case  see  Adams  in  Q.  J.  E.,  xvii :  643- 
668,  and  vol.  xvi  of  the  Holyoke  Case  (Nathan  Matthews'  Brief).  Adams 
maintained  that  Holyoke  paid  about  twice  as  much  as  the  plant  was 
worth,  while  Mr.  Matthews  has  informed  the  writer  that  beyond  a  doubt 
the  city  secured  its  plant  at  half  price  I  So  much  for  expert  opinions  on 
valuation.  The  later  history  of  the  plant  indicates  that  the  city  made 
no  bad  bargain,  considering  the  nature  of  the  territory. 

2  Danvers  (street  lighting,  1889,  commercial  lighting,  1896),  Braintree 
(streets,  1892,  commercial,  1894),  Peabody  (street,  1892,  commercial, 
1893),  North  Attleborough  (1894),  Marblehead,  and  Reading  (1895), 
Concord  (1900),  Ipswich  (1908),  Merrunac  and  Mansfield  (1904). 

"  Taunton  (1882),  Hudson  (1886),  Chicopee  and  Westfield  (1887), 
Wakefield  and  Holyoke  (1888),  Middleborough  (1889),  Hull  (1893). 
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Hence,  even  disregarding  the  intangible  items,  it  is  easy- 
enough  to  see  that,  in  order  to  recoup  the  owners  for  their 
bona  fide  investment,  municipahties  were  in  some  instances 
obhged  to  pay  more  for  their  old  plants  than  would  have 
been  sufficient  to  construct  new  ones  of  a  better  type,  and 
frequently  a  part  of  the  equipment  was  rapidly  junked. 
However,  the  question  is  largely  one  of  speculative  interest. 
Municipalities,  even  though  they  may  in  one  or  two  cases 
have  acquired  antiquated  plants,  have  not  fared  half  so 
badly  in  this  regard  as  have  practically  all  the  companies. 
Early  in  1915  some  kind  of  action  on  the  question  of 
municipal  ownership  had  been  taken  by  105  cities  and 
towns,  or  30  per  cent  of  all  municipalities  in  the  common- 

Table  10.  Action  taken  by  Massachusetts  Cities  and 
Towns  regarding  Municipal  Ownership  op  Electric 
Lighting  (1895-1915)  ^ 


Classifieaiion 

Before 
1895 

1896  to 
1900 

1901  to 
1905 

1906  to 
1910 

1911  to 
1915 

Tot(U» 

1,  Municipalities  taking 
action 

45 
12 
26.7 

18 
6 
33.3 

9 

6 

55.5 

20 
7 
35.0 

13 
11 

84.6 

105 

41 

(39)2 
39.0 

(37.1)* 

2.  Municipalities   begin- 
ning operation 

Ratio  of  2  to  1  (per  cent). 

»  It  is  not  always  the  case  that  a  municipality  taking  action  at  a  certain  time  has  be- 
gun to  operate  its  plant  during  the  same  period.  The  table,  however,  shows  what  has 
actually  taken  place. 

*  Actually  in  operation  in  1915. 


wealth.  Of  this  number,  77  had  brought  the  matter  to  a 
vote,  —  69  in  popular  elections  and  8  in  the  city  councils, 
—  26  had  simply  appointed  investigating  committees,  and 
2,  Danvers  and  Miller's  Falls,  had  acquired  their  plants 
under  special  acts  of  the  Legislature.  Nearly  60  per  cent 
of  the  municipalities  which  have  submitted  the  matter  to 
a  popular  vote  have  adopted  public  ownership,  while 
nearly  40  per  cent  of  all  those  which  have  taken  any  action 
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whatever,  or  11  per  cent  of  the  353  towns  and  cities  in  the 
State,  are  at  present  operating  their  plants. 

It  appears  from  Table  10  that  a  good  deal  of  enthu- 
siasm on  the  subject  of  municipal  ownership  was  aroused 
before  1895.  This  was  probably  due  largely  to  ignorance 
of  the  real  issues  involved,  as  well  as  to  a  desire  to 
make  use  of  the  privilege  newly  created  by  law  with  a 
view  to  securing  lower  rates.  That  so  little,  comparatively, 
was  accomplished,  can  doubtless  be  explained  by  the  fact 
that  almost  no  current  was  sold  by  one  station  to  another 
at  that  date.  Hence,  a  municipality  was  confronted  by 
the  proposition  of  building  or  buying  its  entire  generating 
and  distributing  plant  at  a  high  cost.  As  time  has  gone  on, 
however,  the  agitation  has  become  less  and  the  effective 
action  relatively  greater,  until  in  the  latest  period  prac- 
tically every  town  considering  the  question  has  acquired  a 
plant.  Upon  comparing  this  table  with  the  others  it  is  evident 
that  the  comparative  ease  and  inexpensiveness  of  installing 
a  distributing  system  in  small  towns  whose  business  is  not 
particularly  desired  by  the  companies,  and  the  possibility 
of  buying  cheap  current  from  large  central  stations,  have 
acted  as  a  stimulus  to  this  "small  scale"  public  industry. 

The  accompanying  table  presents  this  phase  of  the 
development  clearly. 


Table  11.  Municipal  Plants  beginning  Operation  at 

Certain  Dates 


Character 

Before 
1890 

1891  to 
1896 

1896  to 
1900 

1901  to 
1905 

1906  to 
1910 

1911  to 
1915 

Totals 

Plants  generating 
current 

1 

0 

8 
3 

5 
1 

4 
1 

0 

71 

0 

111 

18 

Plants  buying 
current 

23 

Total 

1 

11 

6 

5 

7 

11 

41 

•  One  ceased  operation  at  each  of  these  dates.  Hence  2  should  be  deducted  to  show  the 
net  increase. 
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Since  1904  not  a  single  generating  plant  has  been  pur- 
chased or  built.  Two  plants  formerly  producing  their  cur- 
rent, Wakefield  and  Hull,  have  within  the  last  year  or  two 
ceased  to  do  so  and  are  doing  only  a  distributing  business. 
Two  others,  Chicopee  and  North  Attleborough,  will  doubt- 
less soon  follow  the  same  policy.^  Only  two  municipal 
plants  have  become  defunct,^  Needham,  which  did  a 
street  lighting  business  from  1893  to  1908,  and  Miller's 
Falls,  which  operated  from  1903  to  1912.  Both  bought 
their  current,  and  both  sold  their  distributing  system  to 
private  companies  when  they  ceased  operation.  Since 
1907,  18  distributing  plants  have  been  launched,  almost 
50  per  cent  of  the  total  number  of  public  plants,  and  11  of 
these  are  accounted  for  in  the  three-year  period  1911-1914. 
This  fact  would  seem  to  indicate  that  the  smaller  towns 
expect  a  very  considerable  saving  as  a  result  of  municipal 
ownership.  Though  it  is  perhaps  too  early  to  say  whether 
this  expectation  will  be  realized,  the  question  will  later  be 
fully  discussed. 

2.  Methods  of  Comparison  to  be  folix)wed 

The  relative  status  of  municipal  electric  lighting  in  the 
State  has  been  sufiiciently  indicated.  If  the  student  of  this 
problem  wishes  to  draw  any  definite  or  even  reasonable 
conclusions,  he  must  conduct  his  investigation  in  an 
orderly,  specific  manner.  Things  fairly  comparable  must 
be  compared.  If  the  survey  be  too  extensive,  many  of  the 
vital  issues  will  tend  to  be  obscured  by  a  mass  of  compli- 
cated and  conflicting  data.  On  the  other  hand,  if  the  study 

^  Within  a  few  months  after  the  above  was  written,  not  only  these 
plants  but  three  others  as  well  had  stopped  the  generation  of  current 
(Mansfield,  Merrimac,  and  Middleborough). 

2  After  this  had  been  written  the  writer  discovered  that  the  town  of 
West  Sprbgfield  owned  a  distributing  system  for  about  sixteen  years. 
Becoming  greatly  dissatisfied,  however,  it  sold  its  lines  to  the  United 
Electric  Company  of  Springfield,  in  1014.  No  returns  were  ever  made 
to  the  Board,  which  seemed  to  be  unaware  of  its  existence. 
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be  narrowed  to  a  comparison  of  only  one  or  two  public 
plants  with  the  same  number  of  private  ones,  while  the 
work  would  be  greatly  simplified,  the  conclusions  reached 
would  have  to  be  revised  for  every  new  case  which  might 
arise.  A  sufficient  number  of  observations  must  be  made 
to  enable  the  investigator  to  establish  some  norm  and  to 
eliminate  the  extremes. 

The  object  of  the  present  study  is  to  determine  as  nearly 
as  may  be  the  results  of  municipal  electric  lighting  in 
Massachusetts,  viewed  not  merely  from  one  or  two  angles, 
but  from  all  angles.  No  absolute  standard  of  measure- 
ment can  be  set.  Though  balance  sheets,  operating  ac- 
counts, and  rates  have  been  usually  zealously  invoked  in 
researches  on  this  subject,  they  alone  can  indicate  but  a 
limited  portion  of  the  real  issues  involved,  for  they  are 
relative  rather  than  fundamental  considerations.  They  are 
the  results  of  other  factors  not  so  easily  discoverable,  but 
in  many  cases  far  more  significant. 

The  question  is  still  further  complicated  by  the  fact  that 
public  and  private  business  are  being  carried  on  side  by 
side,  with  the  latter  greatly  predominating.  The  tests 
which,  in  themselves,  it  might  seem  reasonable  to  apply 
to  publicly  owned  plants,  might  prove,  on  the  one  hand, 
hopelessly  inadequate,  or,  on  the  other  hand,  highly  unfair, 
if  we  endeavor  to  apply  them  to  private  business.  Hence, 
in  order  to  direct  our  investigations  along  fruitful  lines 
and  to  verify  our  conclusions,  it  is  absolutely  necessary  to 
make  comparisons  at  every  turn,  to  study  private  indus- 
try just  as  carefully  as  public  industry,  and  to  measure 
the  latter  by  the  same  standards  which  the  industrial 
world  applies  to  the  former.  Due  weight  will  be  given,  as 
occasion  may  arise,  to  any  peculiar  or  unusual  conditions 
which  frequently  characterize  certain  phases  of  municipal 
ownership,  and  lilce  allowance  will  be  made  for  abnormal 
conditions,  if  such  there  be,  in  the  private  plants  under 
consideration.  Above  all,  an  attitude  of  mental  neutrality 
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will  be  maintained  throughout.  Though  the  writer  will, 
whenever  possible,  point  out  what  seem  to  be  the  correct 
conclusions  and  inferences  to  draw  from  the  data  under  con- 
sideration, he  is  not  only  willing,  but  highly  desirous,  that  the 
case  shall  be  decided  solely  upon  its  own  merits.  His  aim 
will  be  simply  to  present  the  truth  in  a  clear  way,  without 
reading  into  his  interpretations  any  personal  prejudices. 

Probably  no  two  electric  lighting  plants  are  in  all  re- 
spects fully  comparable.  A  multitude  of  technical  factors, 
external  as  well  as  internal,  tend  to  disturb  any  nice  theo- 
retical balance  which  may  be  estabUshed.  Though  very 
similar  physical  conditions  be  found,  yet  the  intangible 
items  of  management  and  coordination  of  effort  on  the  part 
of  employees  may  produce  totally  unexpected  results.  Our 
problem  is  slightly  simplified,  however,  by  confining  the 
study  to  one  small  State,  thereby  eliminating  numerous 
legal,  psychological,  and  climatic  differences.  Certain  gen- 
eral grounds  of  comparison,  under  the  circumstances,  are 
reasonably  well  defined,  and,  while  any  individual  plant 
may  vary  greatly  from  the  norm,  the  averages  derived  from 
the  study  of  a  sufiiciently  large  group  of  similar  plants  will 
probably  disclose  the  true  conditions  with  sufficient  accu- 
racy for  our  purposes. 

Central  electric  stations  naturally  fall  into  two  groups, 
those  producing  current  and  those  purchasing.  Regarding 
the  first  class  we  wish  to  know  further  whether  they  gen- 
erate all  of  their  current  or  only  part  of  it,  and  whether 
they  do  a  composite  business,  gas,  water,  heating,  or  manu- 
facturing, as  well  as  an  electric  lighting  and  power  business. 
Then  we  must  consider  the  source  of  primary  power, 
whether  it  be  coal,  fuel  oil,  water,  or  gas.  Next  the  output 
of  current  is  highly  significant,  as  well  as  the  load  factor 
and  the  diversity  factor,^  which  indicate  pretty  clearly 
the  nature  and  extent  of  the  business  done  as  well  as  the 

^  For  an  explanation  of  these  terms  and  their  significance  the  reader 
is  referred  to  the  following  chapter,  pp.  97-98,  117. 
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amount  of  necessary  investment  in  station  equipment. 
Finally,  it  is  highly  desirable  to  know  the  extent  of  the 
territory  and  the  number  of  inhabitants  served,  the  age 
of  the  plants  compared,  and  whether  or  not  there  is  com- 
petition of  any  kind. 

Without  referring  in  this  connection  to  the  many  com- 
plicated engineering  features  of  the  business,  there  are 
numerous  simple  but  very  important  considerations  which 
should  further  be  borne  in  mind  if  we  wish  the  comparison 
to  be  complete.  We  should  consider  the  proximity  of  the 
generating  plant  to  navigable  waterways  and  to  sources  of 
fuel  supply.  We  should  note  whether  equipment  is  all 
owned  or  partially  leased.  We  should  know  the  topography 
of  the  district  served,  the  location  of  the  central  station, 
and  the  nature  of  the  business  which  is  carried  on  in  the 
municipality.  The  traits  and  traditions  of  the  inhabitants, 
the  prevailing  character  of  the  local  government  and  its 
requirements  regarding  the  placing  of  lines  underground, 
labor  legislation  and  the  unionization  of  labor,  are  all  deter- 
mining factors.  Even  more  important  are  the  nature  of 
the  management,  —  and  "control"  in  the  case  of  private 
plants,  —  the  policy  followed  in  the  matter  of  repairs, 
improvements,  extensions,  and  the  securing  of  new  busi- 
ness. These  considerations,  however,  will  be  reserved  till 
later  in  the  discussion. 

Groups  of  plants  approximately  equal  in  the  six  or  seven 
fundamental  respects  must  first  of  all  be  secured.  The 
municipal  plants  are  the  fixed  quantity  in  the  problem,  as 
all  of  them  are  to  be  studied.  Hence  it  has  been  by  no 
means  a  simple  task  to  select  private  plants  which  will  in 
most  ways  conform  to  the  conditions  outlined.  Since  the 
public  generating  stations  are  for  the  most  part  small,  it 
has  been  rather  difficult  to  find  plants  comparable  in  size. 
The  result  is  that,  with  the  exception  of  two  or  three  very 
small  plants  the  character  of  whose  business  and  whose 
method  of  generating  current  and  keeping  accounts  are 
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Table  15.  Comparative  Averages  of  the  Two  Groups 

OF  PliANTS 

Companiei  Municipal 
(Uolyoke  out) 

I.  Generating  plants: 

Capacity  (K.W.)  of  dynamos 1,366  951 

Output  (K.W.H.) 1,764,719  1.163,110 

Disposal  of  current  (percentage) : 

Commercial  and  domestic  lighting .               80 . 6  31 . 0 

Street  lighting 14.3  24.3 

'Power 42.7  43.8 

Other  companies 12.4  0.9 

f  arithmetical  average .. .   (14)     27.7  (13)    25.5 

^^'*^^''*'"^  I  weighted  average (29.2)  (23.5) 

Customers '    1,377  1,063 

(1,205)1  (1,030)1 

Population  of  district  served 16,817  12,113 

(14,354)1  (11,768)1 

Area  of  district  served  (sq.  m.) 68 .  94  24 .  81 

(30.67)1  (21.39)1 

Density  of  population 285.3  488.2 

(468.1)1  (550.2)1 

Age  of  plants  (years) 25.2  (18)    22.2  t 

(18.3)2 

Companies  Municipal 
(Norwood  oui) 

II.  Purchasmg  plants: 

Output  (K.W.H.) 266,715  157,173 

Disposal  of  current  (percentage) : 

Commercial  and  domestic  lighting .               45 . 2  54 . 6 

Street  lighting 21 .0  31 .3 

Power 31.3  13.9 

Other  companies 2.5  0.3 

Customers 376  289 

Population  of  district  served 5,467  2,679 

'  Area  of  district  served  (sq.  m.) 25 .  06  19.60 

(19.88)1 

Density  of  population "        218.2  136.7 

Age  of  plants  (years) "          15.4  8.0 

(6.5)2 


>  Excluding  foreign  districts  served. 


t  Age  under  public  ownership. 
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such  that  comparison  is  out  of  the  question,  it  has  become 
necessary  to  choose  the  smallest  and  in  many  cases  the  more 
poorly  managed  companies.  Accordingly,  17  of  these  are 
compared  with  the  18  municipal  plants  which  generated 
all  or  a  portion  of  their  current  during  the  year  ending 
June  30,  1915.  No  private  plant  so  large  as  Holyoke  has 
been  included,  as  it  is  by  no  means  typical  of  public  plants 
in  the  State.  The  averages  are  usually  computed  both 
with  and  without  Holyoke. 

Two  public  plants  bought  the  greater  part  of  their  cur- 
rent during  the  year,  one  bought  about  haK,  and  another 
one  third  of  its  total  output.  To  compare  with  these,  four 
companies  have  been  found  whose  proportion  of  purchased 
current  is  practically  the  same.  One  municipal  plant  uses 
only  oil  for  fuel,  and  two  use  considerable  water  power. 
Among  the  private  plants  selected  there  are  two  very  small 
ones  using  solely  water  power,  two  using  some  water  power, 
and  one  using  a  little  gasoline.  The  two  generating  current 
only  by  water  power  have  been  included  merely  because 
they  are  small.  For  this  reason,  and  inasmuch  as  they  buy 
most  of  their  current,  they  will  not  distort  the  averages  for 
the  group.  For  comparison  with  the  four  public  plants  do- 
ing both  a  gas  and  an  electric  business,  five  similar  com- 
panies have  been  taken,  the  additional  one  simply  because 
it  is  very  small.  Seven  municipal  plants  and  four  private 
ones  sell  some  steam  for  sundry  purposes. 

While  the  output  of  the  17  generating  companies  aver- 
ages somewhat  higher  than  that  of  the  public  stations  (Hol- 
yoke being  excluded),  this  difference  is  probably  not  great 
enough  to  have  any  marked  effect  upon  our  comparisons. 
Whenever  this  fact  may  become  significant  due  allowance 
will  be  made  therefor.  So  far  as  the  load  factors  are  con- 
cerned, they  average  about  the  same  for  the  two  groups, 
though  in  several  cases  no  data  are  returned  which  enable 
them  to  be  computed.  With  a  very  few  exceptions,  it  is 
impossible  to  find  the  diversity  factor. 
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Some  difliculty  was  encountered  in  looking  for  suffi- 
ciently small  population  groups  in  the  case  of  private 
plants.  This  matter  in  itself  is  not  highly  important;  but 
when  other  conditions  seemed  equal  the  plant  serving  the 
smaller  population  was  selected.  The  question  of  competi- 
tion of  other  central  stations  can  hardly  arise  under  the 
Massachusetts  law.  It  is  interesting  to  note,  however,  that 
all  but  4  of  the  companies  and  all  but  3  of  the  pubUc 
plants  have  a  competing  gas  business  in  their  territory. 
The  17  companies  do  business  in  38  different  cities  and 
towns,  9  of  them  supplying  a  total  of  30  municipalities, 
and  the  18  public  plants  in  only  22.  Geographically,  the 
relative  distribution  of  the  two  groups  of  plants  is  about 
the  same. 

Upon  examination  of  the  ages  of  the  two  groups,  it  ap- 
pears that  16  of  the  companies  and  15  of  the  municipal 
plants  began  operation  before  1900,  and  14  companies  and 
7  municipal  plants  (at  that  time  all  privately  owned  but 
one)  before  1889.  The  average  age  of  the  two  groups  is 
thus  not  far  apart,  but  the  average  length  of  time  under 
municipal  ownership,  18.3  years,  is  nearly  30  per  cent  less 
than  the  average  age  of  the  companies,  25.2  years.  Ac- 
cording to  the  census  of  1910,^  10  of  the  cities  and  towns 
in  which  the  companies  are  located,  having  a  population 
greater  than  10,000,  did  a  considerable  amount  of  manu- 
facturing. Though  only  6  of  the  municipalities  having  their 
own  plants  were  five  years  ago  in  this  population  group, 
they  all  did  a  large  manufacturing  business,  4  of  them 
ranking  much  higher  than  the  places  served  by  private 
plants.  At  least  3  more  municipalities  should  be  added 
for  1915.2  The  total  for  the  two  groups  thus  becomes 
practically  the  same.  Finally,  voluntary  associations  or 
groups  of  investors  control  14  of  the  companies.^ 

^  Abstract,  U.S.  Census,  1910  (with  Supplement  for  Massachusetts) : 
648;  also  Mass.  Stat.  Mfg.,  1914:  12-47. 

2  Mass.  Stat.  Mfg.,  1914: 12-47.       »  Cf.  Mass.  G.  &  E.,  xxxi:  12-13. 
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As  several  of  the  21  municipal  plants  purchasing  their 
current  do  so  minute  a  business,  it  was  scarcely  possible 
to  find  a  sufiicient  number  of  very  small  companies  to 
compare  with  them.  However,  16  were  selected,  although 
two  or  three  of  the  smallest  companies  had  to  be  eliminated 
because  of  the  fact  that  the  records  which  they  keep  are 
unsatisfactory.  Otherwise,  as  in  the  case  of  the  gener- 
ating plants,  the  least  and  most  inefficient  private  business 
has  been  compared  with  public  business  as  it  is. 

When  only  a  distributing  system  is  operated,  the  prob- 
lem of  comparison  is  much  simplified.  The  average  output, 
very  small  in  either  group,  is  nearly  enough  the  same  to 
make  comparisons  valid.  Load  factors  cannot  be  com- 
pared, because  with  two  or  three  exceptions  public  plants 
return  no  data  on  this  point;  but  all  in  each  group  except 
one  give  both  day  and  night  service.  The  16  companies 
do  business  in  22  different  towns,  while  the  municipalities 
confine  their  business  to  their  own  limits.  It  is  rather  sur- 
prising to  find  10  of  the  municipal  and  5  of  the  private 
plants  in  Worcester  County.  Also,  14  of  the  companies 
are  controlled  by  voluntary  associations.^ 

The  average  population  served  by  the  private  plants  is 
approximately  double  that  served  by  the  municipalities. 
There  is  gas  competition  in  the  case  of  10  of  the  companies 
and  8  of  the  municipalities.  Three  of  the  former,  Black- 
stone,  Spencer,  and  Williamstown,  do  a  little  gas  business 
themselves.  The  average  age  of  the  municipal  purchasing 
plants  is  considerably  less  than  that  of  the  companies. 
Of  the  latter,  12  began  operation  before  1905,  while  only 
5  of  the  public  plants,  2  of  which  were  then  under  pri- 
vate ownership,  were  operating  before  this  date.  It  must 
also  be  noted  that  11  of  the  companies,  nearly  70  per  cent, 
formerly  generated  current,  6  ceasing  to  do  so  in  1914. 
Only  2  of  the  21  municipal  plants  ever  produced  current, 
and  that  was  when  they  were  privately  owned.  Finally, 
1  Cf.  Mass.  G.  &  E.,  xxxi:  12-13,  and  3a-32a. 
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since  Norwood  occupies  the  same  relation  with  respect  to 
this  group  of  pubhc  plants  that  Holyoke  occupies  with 
respect  to  the  other  group,  —  doing  one  third  of  the  aggre- 
gate business,  —  it  has  been  kept  separate  in  computing 
the  averages,  and  for  the  reasons  already  given  no  corre- 
spondingly large  company  has  been  selected. 

The  fiscal  year  1914-15  has  been  taken  for  the  more 
intensive  study  of  the  subject  because,  when  the  work  was 
begun,  no  later  returns  were  available.  As  this  is  a  census 
year  in  Massachusetts,  it  is  convenient  for  our  purposes. 
On  the  other  hand,  due  to  certain  abnormal  market  con- 
ditions resulting  from  the  European  war  as  well  as  to  un- 
expected contingencies,  some  of  the  records  for  this  date 
may  not  be  fairly  representative.  In  most  instances  any 
indi\adual  differences  will  be  minimized  in  the  averages, 
and  group  differences  would  tend  to  be  the  same  in  the  two 
cases.  Yet,  in  order  to  present  the  subject  with  as  much 
accuracy  as  may  be  attained,  single  items  are,  in  doubtful 
cases,  traced  back  over  a  period  of  years.  Furthermore,  so 
that  the  investigation  may  be  still  more  conclusive,  the 
year  1909-10  has  also  been  selected  for  careful  study  of 
all  plants  generating  current.  Accordingly,  the  relative 
changes  which  have  taken  place  in  the  five-year  period  will, 
whenever  possible,  be  pointed  out.  Before  this  date,  par- 
ticularly for  the  public  plants,  a  good  deal  of  the  data  re- 
turned are  of  such  a  nature  that  they  can  only  with  the 
greatest  difiiculty  be  utilized.  This  five-year  comparison 
is  not  at  present  attempted  in  dealing  with  the  purchasing 
plants,  for  almost  half  of  the  companies  chosen  were  still 
generating  current  in  1910,  and  only  9  of  the  21  municipal 
plants  were  then  in  operation,  most  of  them  not  yet  "sea- 
soned." Under  these  circumstances,  such  a  comparison 
would  lead  to  no  definite  results. 

An  attempt  will  be  made  to  study  the  subject  in  its 
physical,  financial,  and  developmental  aspects.  Attention 
will  be  given  to  as  many  of  the  engineering  features  as  seem 
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necessary  for  our  purpose,  to  the  technical,  statistical,  and 
historical  aspects  of  the  problem,  as  well  as  to  certain  ques- 
tions of  accounting.  But  theoretical  questions  will  fre- 
quently be  raised,  practical  considerations  will  be  con- 
stantly stressed,  and  matters  of  public  policy  will  not  be 
overlooked.  As  nearly  as  may  be,  only  really  comparable 
data  will  be  compared.  Disturbing  differences  will  if  pos- 
sible be  eliminated,  or,  in  lieu  of  this,  reasonable  allowances 
will  be  made.  While  eschewing  the  futile  quibbles  fre- 
quently indulged  in  by  narrowly  trained  accountants  and 
by  over-specialized  engineers,  the  writer  hopes  to  avoid 
the  even  more  serious  dangers  of  ill-considered  and  super- 
ficial generalization  which  have  characterized  most  studies 
of  the  problem  of  municipal  ownership.  The  reader  will 
have  to  be  the  judge  of  the  fairness  of  the  methods 
followed. 

Finally,  due  weight  will  be  given  to  the  numerous  "in- 
tangible items"  which  no  returns  can  show,  but  which 
are  highly  significant  in  any  investigation  of  the  problem 
of  public  ownership.  Of  much  greater  importance,  how- 
ever, the  local  background  will  be  carefully  studied,  so  that 
the  conclusions  reached  by  means  of  an  impartial  analysis 
of  all  available  statistical  material,  will  be  checked  and 
supplemented  and  clothed  with  some  degree  of  life,  as  a 
result  of  a  reasonably  thorough  first-hand  knowledge  of 
the  situation,  secured  through  a  local,  personal  survey  of 
the  plants  under  consideration.  The  results  arrived  at  by 
these  different  methods  should  at  least  enable  us  to  form 
some  satisfactory  judgments  on  certain  aspects  of  the  prob- 
lem of  municipal  ownership,  and  may,  perchance,  furnish 
us  with  some  clue  to  the  possibilities  of  public  industry  on 
a  more  extensive  scale. 

In  conclusion,  attention  should  again  be  called  to  the 
fact  that  existing  circumstances  have  made  it  necessary 
to  compare  public  business  as  we  find  it  with  private  busi- 
ness in  many  cases  at  its  worst  in  the  State.  Consequently, 
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if  municipal  ownership  shall  appear  to  hold  its  own,  the 
reader  can  rest  assured  that  it  has  been  given  the  benefit 
of  any  doubt  which  might  arise;  and  if  the  results  are 
found  to  be  unfavorable,  the  case  against  municipalization 
as  a  general  policy  will  be  thereby  the  stronger. 


CHAPTER  IV 

TPHYSICAL  STATISTICS,  ANALYSES,  AND  COMPARISONS 

While  it  is  not  the  purpose  of  the  writer,  in  this  study, 
to  deal  with  the  many  intricacies  of  electrical  engineering, 
yet  it  is  necessary  to  know  generally  how  the  selected 
groups  of  public  and  private  plants  compare  with  respect 
to  their  physical  equipment,  development,  and  operation, 
before  we  can  be  in  a  position  to  interpret  correctly  the 
numerous  financial  data  which  must  be  considered  in  an 
investigation  of  this  kind.  Accordingly,  we  shall  begin 
with  the  stations  themselves,  studying,  at  this  stage,  only 
the  generating  plants.^ 

*  The  present  chapter,  for  the  most  part,  naturally  deals  with  the  gen- 
erating plants.  Unless  necessary  for  the  sake  of  clearness,  data  given  at 
length  in  the  appendix  will  not  be  tabulated  in  brief  in  the  text.  The 
plants  doing  both  a  gas  and  electric  light  business  have  been  kept  sep- 
arate from  the  purely  electric  plants,  and  whenever  occasion  seems  to 
demand,  attention  will  be  called  to  any  abnormahties  which  they  may 
present.  Except  when  so  indicated,  Holyoke  is  not  included  with  the 
public  plants  when  totals  are  given  and  comparisons  made;  the  reasons 
for  this  omission  are  self-evident. 

Finally  the  reader  must  be  mindful  of  the  fact  that  all  of  the  data 
herein  presented  have  been  worked  over  by  the  writer  from  many  angles 
before  they  have  reached  their  present  form.  The  returns  themselves 
give  no  totals,  make  no  analyses,  work  out  no  relations,  and  much 
highly  important  information  is  conspicuous  by  reason  of  its  absence. 
In  many  instances  it  has  been  necessary  to  ferret  out  valuable  material 
from  various  state  bureaus.  The  work  has  further  been  very  much  com- 
plicated by  including  the  year  1910  in  the  study,  and  the  labor  of  com- 
putation and  presentation  has  thereby  been  increased  many  fold.  Fre- 
quently, also,  when  the  returns  of  1910  proved  unsatisfactory  in  certain 
points,  it  has  been  necessary  to  use  the  data  given  in  the  succeeding  re- 
turns instead.  These  irregidarities  call  for  the  utmost  care  in  computing 
the  averages  so  that  the  case  will  be  truly  presented.  In  view  of  these 
diflBculties,  it  would  indeed  be  surprising  if  many  errors  have  not  crept 
into  the  calculations  herewith  appended.  The  writer  is  confident,  how- 
ever, that  these  errors  are  not  of  such  a  character  that  they  will  in  any 
respect  invalidate  the  general  reasoning  developed  in  this  study. 
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1.  Station  Equipment  ^ 

At  the  present  time  (1915)  the  total  number  of  boilers 
in  the  15  reporting  municipal  plants  (47)  is  about  72  per 
cent  of  the  total  for  the  16  private  plants  reporting  this 
item  {Q5),  while  the  total  horse  power  of  their  boilers 
(8,353)  is  about  60  per  cent  of  that  of  the  latter  (13,874). 
Hence  the  average  size  of  boilers  is  20  per  cent  greater  in 
the  companies  than  in  the  public  plants  (213  H.P.  vs.  178 
H.P.)  ^  The  average  number  of  boilers  per  public  plant  is 
three  fourths  of  the  average  number  found  in  the  private 
plants  (3.1  vs.  4.1).  It  is  significant  to  note  that  the  rela- 
tive average  capacity  of  boilerc  has  remained  almost  con- 
stant during  the  past  five  years,  the  rate  of  increase  having 
been  practically  equal  in  the  two  cases,  so  that  the  abso- 
lute difference  has  been  left  the  same.  However,  though 
the  absolute  figures  are  ridiculously  small,  9  and  2  respec- 
tively, the  number  of  units  has  increased  much  more  rap- 
idly for  the  private  plants,  leading  to  a  correspondingly 
more  rapid  growth  of  boiler  capacity  per  plant  for  the 
period,  until  now  the  average  capacity  of  the  municipal 
plants  is  only  64  per  cent  of  the  average  for  the  companies 
whereas  in  1910  it  was  71  per  cent. 

One  public  plant,  Mansfield,  uses  oil  engines,  and  another, 
Merrimac,  rents  its  steam  station  from  the  town  water- 
works and  reports  no  boilers.  A  third  plant,  Middlebor- 
ough,  does  practically  all  of  its  generating  by  gas  engines 
and  by  water  wheels,  and  consequently  reports  an  abnor- 
mally low  boiler  capacity  (25  H.P.).  One  company,  Win- 
chendon,  has  never  used  any  motive  power  but  water,  and 
two  others.  Great  Barrington  and  Lee,  have  always  gen- 
erated largely  by  means  of  water  wheels.  For  some  time 
they  have  all  bought  a  large  portion  of  their  current.  Hence 
these  plants  report  a  disproportionately  small  amount  of 

^  Appendix,  pp.  394-395. 

^  Unless  other  explanation  is  given,  the  averages  used  throughout  are  fully 
weighted  arithmetical  or  "group"  averages.    Cf.  Appendix,  p.  391. 
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horse  power.  The  conditions  for  the  two  groups  are  rela- 
tively the  same  in  this  regard. 

Upon  further  analysis,  it  appears  that  the  total  rated 
horse  power  of  one  of  the  companies  has  decreased  very 
slightly,  and  three  have  remained  unchanged  during  the 
five-year  period.  Hence  75  per  cent  of  this  group  have 
gained  in  boiler  capacity  during  the  period.  On  the  other 
hand,  3  of  the  municipal  plants  show  a  clearly  marked 
decrease  in  rated  horse  power,  while  5  remain  unchanged. 
Of  these  8  plants,  2  bought  nearly  all  of  their  current 
during  the  year.  Expressed  in  other  words,  more  than  53 
per  cent  of  the  public  plants  have  remained  stationary  or 
have  gone  back  so  far  as  their  total  boiler  capacity  is 
concerned.  Furthermore,  exactly  60  per  cent  of  the  total 
increase  in  rated  horse  power  for  all  of  the  municipal 
plants  (1100  H.P.  out  of  1841  H.P.)  is  accounted  for  by 
the  one  large  plant  of  Taunton.  If  Holyoke  is  included,  the 
averages  for  the  two  groups  become  practically  identical. 

The  total  horse  power  of  prime  movers  for  the  public 
plants  is  equal  to  70  per  cent  of  that  for  the  companies, 
though  the  actual  number  of  their  units  is  nearly  90  per 
cent  of  the  latter.  The  average  horse  power  of  the  primary 
power  machines  is  more  than  one  fifth  less  in  the  case  of 
the  public  plants  than  in  the  private  plants.  The  rate  of 
increase,  both  in  numbers  and  in  total  horse  power,  has 
been  almost  identical  in  the  two  groups.  However,  6  of 
the  municipal  plants  have  shown  no  growth  in  this  regard 
during  the  five-year  period,  and  one  has  shown  an  actual 
decrease  in  horse  power.  Of  the  companies,  3  have  re- 
mained stationary  and  2  have  decreased  slightly. 

Table  16  indicates  clearly  the  relation  which  the  differ- 
ent kinds  of  prime  movers  bear  to  each  other.  It  appears 
that  the  number  of  steam  turbines  is  considerably  greater 
in  the  private  plants  and  that  their  average  horse  power 
is  less.  If,  however,  the  two  large  turbines  of  the  municipal 
plant  of  Taunton  (2,300  H.P.  each)  be  omitted,  the  aver- 
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Table  16.  Character  of  Prime  Movers 


Companies 

Municipalities 

Average  H.P. 

Type 

Number 

Horse 
power 

Number 

Hnrse 
power 

Com- 
panies 

Munici- 
palities 

Steam  engines 

Steam  turbines 

All  others  * 

37 
16 

11 

17,958 
11,750 

1,269 

38 
10 

9 

10,459 
10,008 

935 

485 
734 

115 

275 
1,001 
(676)  » 
104 

Total 

64 

30,977 

572 

21,402 

484 

376 

•  This  includes,  for  the  companies,  8  water  wheels  and  3  gasoline  engines;  and,  for  the 
municipalities,  i  water  turbines,  4  oil  engines,  and  3  gas  engines. 
'  Wakefield  omitted;  ceased  making  current.  •  Taunton  omitted. 

ages  are  not  far  apart.  The  average  horse  power  of  steam 
engines  of  the  companies  is  about  75  per  cent  greater  than 
that  of  the  pubUc  plants. 

For  the  general  student  of  the  problem,  the  kilowatt 
capacity  of  dynamos  is  of  more  significance  than  the  horse 
power  of  boilers  and  prime  movers.  In  1915  the  total 
rated  kilowatt  capacity  of  generators  of  the  17  municipal 
plants  was  30  per  cent  less  than  that  of  the  corresponding 
number  of  companies,  the  number  of  dynamos  was  20  per 
cent  less,  and  the  average  capacity  per  dynamo  was  nearly 
15  per  cent  less.*  Practically  all  of  the  generators  were  of 
the  alternating  current  type,  less  than  2  per  cent  in  either 
case  being  represented  by  direct  current  units. ^ 

*  The  accuracy  of  the  returns  in  the  matter  of  rated  kilowatt  capacity 
of  dynamos  is  frequently  open  to  question.  Upon  careful  examination 
of  the  data,  when  available,  the  writer  has  found  that  the  capacity  is 
sometimes  returned  in  kilovolt-amperes  instead  of  kilowatts,  as  called 
for  in  the  returns.  But,  unless  the  power  factor  should  be  unity  —  a  con- 
dition not  found  in  the  smaller  plants  —  the  former  rating  would  be  too 
high,  depending  upon  individual  conditions.  As  the  data  are  by  no 
means  satisfactory  on  this  point,  and  as  the  errors  would  probably  be 
about  equally  divided  between  the  two  groups,  the  writer  has  adhered 
to  the  rating  as  given  in  the  returns. 

^  It  is  interesting  to  note  that  alternating  current  generation  has 
constantly  been  displacing  the  earlier  direct  ciurent  generation.  This  is 
due  largely  to  the  greater  economy  and  convenience  in  distribution  which 
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The  development  between  1910  and  1915  presents  some 
interesting  contrasts.  In  the  first  place,  the  total  number 
of  dynamos  decreased  nearly  8  per  cent  in  the  public 
plants  and  24  per  cent  in  the  companies.  The  total  kilo- 
watt capacity  increased  43  per  cent  in  the  former  and  52 
per  cent  in  the  latter;  while  the  average  kilowatt  capacity 
per  dynamo  increased  nearly  55  per  cent  in  the  municipal 
plants  and  100  per  cent  in  the  group  of  private  plants. 
These  figures  indicate  that  the  companies  have  increased 
their  absolute  capacity  more  rapidly  than  have  the  muni- 
cipalities, and  that,  while  they  had  a  disproportionately 
large  number  of  very  small  D.C.  generators  in  1910,  these 
have  been  almost  wholly  displaced  by  the  installation  of  a 
small  number  of  large  A.C.  dynamos.  For  both  of  these 
reasons  we  would  expect  a  considerable  increase  in  station 
investment  for  the  companies  during  this  period. 

The  number  of  small  arc  light  and  power  generators 
was,  in  1910,  almost  negligible  in  the  case  of  the  municipal 
plants,  probably  due  to  the  fact  that,  in  most  instances, 
their  equipment  was  of  more  recent  installation  than  that 
of  the  companies.  On  this  point  it  will  be  recalled  that  all 
of  the  older  public  plants  were  taken  over  from  private 
ownership,  and  when  the  transfer  was  effected  a  good  deal 
of  the  old  equipment  was  scrapped.  The  large  number  of 
these  out-of-date  generators  returned  by  the  companies 
at  this  date  reduces  their  average  capacity  per  dynamo 
to  only  158  kilowatts,  or  about  9  per  cent  less  than  that 
of  the  public  plants.  In  1915,  the  public  plants  returned 
4  D.C.  generators  with  a  total  capacity  of  298  kilowatts, 
and  the  private  plants  report  10  of  these,  having  a  total 

characterizes  the  alternating  current,  since  it  can  be  transmitted  over 
long  distances  at  a  high  voltage  and  a  low  amperage,  thus  occasioning  the 
minimum  line  losses.  Furthermore,  this  current  can  be  "stepped  down" 
or  "up,"  if  need  be,  by  means  of  transformers,  so  that  it  becomes  avail- 
able for  practically  every  kind  of  light  and  power  service.  Direct  current, 
on  the  other  hand,  cannot  be  "transformed,"  and  is  subject  to  great  loss 
in  distribution. 
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capacity  of  436  kilowatts.  Were  these  small  generators 
omitted  in  both  groups,  the  average  capacity  per  A.C. 
dynamo  would  be  21  per  cent  less  for  the  municipal  plants 
than  for  the  companies  (283  K.W.  vs.  356  K.W.).  Finally, 
4  of  the  public  plants  report  no  increase  in  capacity  dur- 
ing the  period  and  2  have  had  a  decrease,  while  3  com- 
panies show  a  decrease  and  one  has  remained  unchanged. 
As  Holyoke  increased  its  capacity  by  more  than  50  per 
cent  during  the  year,  the  inclusion  of  its  figures  would  be 
misleading. 

In  this  connection  attention  should  be  called  to  the 
correspondence  which  exists  between  the  relative  average 
capacities  of  boilers,  prime  movers,  and  generators  in  the 
two  groups.  Reducing  kilowatts  to  horse  power  when 
necessary,  we  find  that  the  relations  are  as  follows:  — 

Table  17.  Relations  existing  between  the  Station  Units 


Item 


Average  capacity  of  units  (H.P.) 

Companies 

Municipalities 

Ratio 

Companies 

Municipalities 


Boilers  ] 


867 
5951 


1.0 
1.0 


Prime 
movers 


1,822 
1,274 


2.10 

2.14 


Dynamos 


1,830  -1 
1,274  :! 


2.11 
2.14 


Middleborough  omitted. 


These  data  suggest  that  the  engineering  conditions  for 
the  two  groups  of  plants,  so  far  as  can  be  ascertained  from 
the  returns,  are  almost  identical.  Having  examined  the 
date  of  installation  of  the  various  units,  however,  the  writer 
finds  that  their  average  age  is  7.6  years  for  the  companies 
and  9.1,  or  20  per  cent  greater,  for  the  municipalities.  Ten- 
tatively, then,  we  may  conclude  that  the  private  plants  have 
been  kept  in  better  repair  than  the  municipal  plants.  On  the 
other  hand,  some  may  argue  that  the  equipment  of  public 


94  MUNICIPAL  ELECTRIC  LIGHTING 

plants  has  been  so  well  maintained  that  it  has  not  needed 
as  frequent  replacement  as  that  of  the  companies.  This 
view  seems  hardly  consistent  with  the  facts  as  we  know 
them,  and  the  local  survey  has  amply  proved  the  truth  of 
our  tentative  conclusion. 

Further  analysis  reveals  the  fact  that  the  per  capita  rat- 
ing of  the  stations  has  increased  with  equal  rapidity  in  the 
two  groups  during  the  past  five  years,  from  63  watts  to 
83  watts  for  the  public  and  from  61  watts  to  81  watts  for 
the  private  plants.  The  rating  per  customer,  on  the  other 
hand,  has  decreased  in  a  fairly  equal  ratio,  26  per  cent  in 
the  case  of  the  public  plants  and  less  than  23  per  cent  for 
the  companies.  Hence,  it  is  apparent  that,  while  the  two 
sets  of  plants  have  outstripped  the  population  in  their 
growth  of  generating  capacity,  they  have  by  no  means 
kept  pace  with  the  increase  in  number  of  customers.  This 
fact  probably  indicates,  for  the  most  part,  an  improved 
diversity  factor,  and  incidentally  a  better  load  factor,  so 
that  a  given  amount  of  generating  equipment  can  render 
proportionately  greater  service.  This,  again,  suggests  that 
a  number  of  small  "off  peak"  customers,  using  current  for 
power,  cooking,  heating,  etc.,  have  been  secured.  And, 
finally,  the  fact  that  the  per  customer  rating  of  municipal 
plants  has  decreased  somewhat  more  rapidly  than  that  of 
the  companies,  may  indicate  that  the  former  have  avoided 
the  poorer  business,  and  have  endeavored  to  extend  their 
service  only  to  the  more  desirable  class  of  customers.  In 
other  words,  municipal  plants  have  doubtless  been  less 
active  in  going  after  new  business  than  have  the  private 
plants.  In  many  cases  they  have  probably  waited  for  the 
trade  to  develop  instead  of  aiding  in  that  development. 
On  the  other  hand,  the  difference  can  largely  be  accounted 
for  by  the  growth  in  power  business  of  the  public  plants. 
Though  these  figures  in  themselves  are  far  from  conclusive, 
there  will  be  occasion  later  to  refer  to  this  matter  in  other 
connections. 
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2.  Fuel  Consumption  ^ 

While  15  of  the  municipal  plants  using  only  coal  for 
generation  consume  on  the  average  4.69  pounds  of  coal  per 
kilowatt  hour  generated,  12  of  the  companies  use  exactly 
4  pounds  per  kilowatt.  A  small  amount  of  coke  and  screen- 
ings is  used  by  both  groups,  and  the  quality  and  price  in 
individual  cases  vary  widely.  With  so  large  a  number, 
however,  the  average  conditions  are  about  the  same.  The 
advantage  which  the  companies  seem  to  have  is  due  par- 
tially to  the  economies  arising  from  the  generation  of  a 
larger  amount  of  current  per  plant  (1,650,091  kilowatt 
hours  as  compared  with  1,024,023  kilowatt  hours  gene- 
rated by  the  public  plants),  and  partially  to  the  somewhat 
better  load  factor.  How  much  of  the  difference  is  due  to 
other  causes,  such  as  more  efficient  engineering  and  better 
quality  of  coal,  can  only  be  guessed  at.  The  writer  should 
state,  however,  that  the  local  survey  has  disclosed  the 
fact  that  the  companies,  as  one  might  expect,  are  in  the 
main  better  supplied  with  the  various  economic  devices, 
automatic  stokers,  carbon  dioxide  recorders,  economizers, 
etc.,  which  help  to  conserve  the  fuel  supply. 

Expressed  in  other  words,  the  number  of  watt  hours 
generated  per  pound  of  coal  averages  213  in  the  public 
plants  and  250  in  the  companies,  a  difference  of  37,  or  17.5 
per  cent.  A  study  of  the  accompanying  chart,  however, 
persuades  the  writer  that  the  difference  is  not  much  greater 
than  might  normally  be  expected  as  a  result  of  disparity 
in  the  quantity  of  current  generated.  While  the  graph  of 
the  public  plants  shows  a  surprising  irregularity  for  plants 
between  600,000  and  1,000,000,  this  is  caused  almost  wholly 
by  two  exceptional  cases,  and  after  the  1,000,000  mark  is 
reached,  we  have  a  delightfully  smooth  curve,  slowly 
ascending  to  the  right.  On  the  other  hand,  the  graph  of 
the  companies  appears  very  even  up  to  1,000,000,  due  to 

*  Appendix,  pp.  440-441. 
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the  fact  that  the  number  of  plants  in  this  class  is  very 
small,  only  3  as  contrasted  with  10  of  the  public  plants. 
After  the  1,000,000  point,  it  zigzags  about  the  first  graph, 
constantly  approaching  it  as  a  norm.  For  plants  generat- 
ing slightly  more  than  1,000,000  kilowatt  hours,  the  lines 
meet  at  a  point  indicating  that  not  much  more  than  200 
watt  hours  are  produced  per  pound  of  coal.  They  again 
come  close  together  near  the  2,000,000  mark,  at  a  point 
somewhat  under  250.  When  the  extremes  of  the  private 
plants  are  averaged,  they  approach  surprisingly  near  the 
more  even  graph  of  the  public  plants.  It  is  scarcely  neces- 
sary for  our  purposes  to  attempt  to  explain  the  several 
individual  irregularities  when  the  averages  so  closely 
approximate  each  other.  In  a  number  of  cases,  however, 
they  are  caused  by  a  difference  in  the  fuel  value  of  the  coal 
used.  Hence,  this  chart  should  be  studied  in  connection 
with  a  later  one  showing  the  unit  costs  of  coal. 

It  is  worth  noting  that  the  same  group  of  private  plants, 
while  increasing  their  average  output  more  than  50  per 
cent  during  the  five-year  period  (from  less  than  1,300,000 
to  almost  2,000,000  K.W.H.),  reduced  the  amount  of  coal 
consumed  per  kilowatt  hour  by  about  10  per  cent  (from 
4.434  pounds  to  4  pounds).  The  municipal  plants  like- 
wise increased  their  output  almost  50  per  cent  (from  686,- 
000  to  more  than  1,000,000  K.W.H.),  and  decreased  the 
quantity  of  coal  used  from  6.356  to  4.69  pounds  per  kilo- 
watt hour  generated,  or  about  26  per  cent.  The  relative 
size  of  the  two  groups  of  plants  accounts  largely  for  the 
greater  decrease  in  coal  consumption  in  the  case  of  the 
municipal  plants,  though  it  seems  probable  that  the  gener- 
ating efficiency  of  the  latter  was  unnecessarily  low  in  1910. 

3.  Output  and  Disposal  of  Current  ^ 

In  1915,  the  average  output  of  the  17  municipal  plants, 
including  current  purchased   as  well  as  generated,  was 
>^»  Appendix,  pp.  39C-403,  406-407,  422. 
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1,163,110  kilowatt  hours.  The  average  output  of  the  com- 
panies was  about  52  per  cent  greater,  or  1,764,719  kilowatt 
hours.  In  1910,  however,  the  companies  led  by  67.5  per 
cent,  the  averages  being  respectively  658,488  and  1,103,075 
kilowatt  hours.  The  public  plants  purchased  12  per  cent 
of  their  current,  and  the  other  group  6.5  per  cent,  while  in 
1910  the  respective  amounts  purchased  were  1.3  per  cent 
and  4.1  per  cent. 

Due  to  the  way  in  which  the  records  are  kept,  it  has 
been  difficult  to  get  the  load  factors  of  the  plants  studied. 
Only  two  or  three  of  the  plants  return  a  load  curve,  and 
none  of  them  work  out  their  load  factors,  as  this  is  not 
required  by  the  Board.  Hence,  the  data  with  which  one  has 
to  deal  are  very  irregular.  Three  companies  and  three 
public  plants  report  only  the  maximum  day's  output  in 
kilowatt  hours.  One  company  and  three  public  plants 
report  the  maximum  demand  in  amperes  instead  of  in 
kilowatts,  giving  no  station  voltage;  while  one  public  plant 
gives  no  data  whatever  bearing  on  this  point.  Accordingly, 
three  of  the  companies  and  four  of  the  municipalities  must 
be  disregarded  in  this  portion  of  the  study.  However,  the 
voltage  of  the  plants  reporting  in  amperes  was  ascertained 
and  the  load  factors  roughly  computed  accordingly.^  The 
arithmetical  average  of  the  load  factors  of  the  14  plants 
in  each  group  is,  for  the  companies,  27.2,  and  for  the  muni- 
cipalities, 25.9.2  jf^  however,  Holyoke  be  omitted,  the  lat- 

'  These  voltages  are,  for  the  public  plants,  Hudson,  1,100,  Reading, 
2,300,  Middleborough,  1,100,  and  for  the  one  company.  Vineyard  Lighting 
Co.,  2,300.  As  the  power  factor  is  unknown,  these  load  factors  are  little 
more  than  estimates. 

2  The  load  factor  here  used  is  the  standard  one,  being  simply  the 
ratio  of  average  to  maximum  demand  for  the  year.  The  formula  for 
computation  is 

yearly  output 


load  factor 


peak  load  X  8760  (no.  hours  in  yr.) 


The  returns  do  not  show  the  length  of  the  peak  load,  but  it  is  doubt- 
less approximately  the  same  for  the  two  groups. 


98  MUNICIPAL  ELECTRIC  LIGHTING 

ter  becomes  25.5.  The  weighted  averages,  which  probably 
more  nearly  indicate  the  true  relation,  are  29.2  for  the 
companies  and  only  23.5  for  the  municipahties.  This,  of 
course,  shows  that,  other  conditions  being  equal,  the  com- 
panies are  being  operated  more  efficiently  than  the  public 
plants,  in  that  their  investment  is  working  for  them  a  cor- 
respondingly greater  portion  of  the  time. 

The  maximum  demand  factors  are,  for  the  companies, 
49.4,  and  for  the  public  plants,  62.9.^  These  figures  may 
show  that  the  latter  are  following  a  more  conservative 
policy  than  the  former  with  respect  to  the  enlargement  of 
their  generating  capacity.  This  disparity  is  somewhat  in- 
creased by  the  fact  that  the  public  plants  are  buying  pro- 
portionately more  of  their  current  than  the  companies, 
and  hence  actually  need  a  correspondingly  smaller  amount 
of  dynamo  capacity;  but  this  is  sufficient  to  account  for 
only  a  small  part  of  the  difference.^ 

The  average  daily  amount  of  current  generated  by  the 
group  of  municipal  plants  in  1910  was  30,269  kilowatt 
hours,  and  47,700  hours  in  1915.  At  the  same  dates  the 
daily  averages  for  the  companies  were  49,245  and  76,854 
kilowatt  hours.  Also,  the  total  kilowatt  capacity  of  gen- 
erators was,  for  the  municipal  plants,  11,297  and  16,166 
in  the  respective  years,  and  for  the  companies  15,281  and 
23,221.  Studying  these  data,  we  find  that  in  1910  the 
public  plants  actually  produced  only  11.1  per  cent  of  the 
total  current  which  with  their  equipment  they  could  have 
produced.  In  other  words,  their  output  (purchased  cur- 
rent deducted)  was  on  the  basis  of  about  two  and  two 

1  The  maximum  demand  factor  used  by  the  writer  is  the  ratio  of  the 
peak  load  for  the  year  to  the  total  rated  capacity  of  the  generators.  In 
this  case,  of  course,  arithmetical  averages  are  used. 

^  Unfortunately  we  know  nothing  definite  about  the  diversity  factor  — • 
the  ratio  between  the  sum  of  the  individual  maxima  and  the  maxivium 
of  the  system  —  for  these  small  plants.  It  may  be  observed  in  passing, 
however,  that  the  more  the  diversity  factor  exceeds  unity,  the  greater  is 
the  number  of  customers  which  can  be  served  by  means  of  a  given  gen- 
erating capacity. 
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thirds  hours'  use  per  day  of  the  maximum  capacity.  The 
companies  showed  only  a  slightly  better  figure,  13.4  per 
cent,  or  three  and  one  fifth  hours'  use  per  day  of  their  maxi- 
mum generating  capacity.  In  1915  conditions  had  changed 
but  slightly.  The  municipalities  had  increased  their  per- 
centage of  possible  output  to  12.3,  or  three  hours'  use  of 
their  maximum,  and  the  companies  had  crept  along  to  13.8 
per  cent,  equivalent  to  three  and  one  third  hours'  use.  This 
analysis  indicates  a  rather  excessive  amount  of  idle  invest- 
ment in  generating  plants,  but  the  conditions  are  very 
similar  in  the  two  groups. 

The  average  output  per  day  for  each  plant  stands  at 
4,835  kilowatt  hours  for  the  companies  and  3,187  for  the 
municipalities.  The  ratios  of  the  average  load,  purchased 
current  being  deducted,  to  the  average  rated  station  capac- 
ity, are  respectively  30.2  per  cent  and  33.9  per  cent.  The 
yearly  amount  of  current  generated  per  kilowatt  capacity 
of  dynamos  is  1,207  kilowatt  hours  for  the  companies  and 
1,077  for  the  other  group,  while  in  1910  it  was  1,176  and 
978  respectively.  With  a  better  load  factor  on  the  part  of 
the  former  and  with  some  dynamos  practically  out  of  use 
in  the  latter,  these  figures  are  to  be  expected.  Finally,  the 
ratio  of  the  maximum  load  on  the  day  of  least  output  to 
the  maximum  station  load,  is,  for  the  public  plants,  27  per 
cent,  and  for  the  companies,  26.  This  is  an  unusually  close 
correspondence,  which  in  turn  suggests  that  the  condi- 
tions of  business  in  the  two  groups  are  very  similar. 

These  figures,  however,  as  well  as  most  of  the  other  data 
dealing  with  the  load,  should  be  taken  with  a  good  deal  of 
caution,  for  it  is  by  no  means  certain  that  the  returns  are 
correct  in  this  regard.  This  is  particularly  true  of  the 
smaller  public  plants,  whose  station  meters  have  sometimes 
not  been  tested  for  years.  ^  One  public  plant,  Ipswich,  and 
one  company.  Buzzard's  Bay,  note  in  the  returns  that  they 
have  for  the  most  part  estimated  their  output  of  current. 
1  Cf.  ch.  XI,  pp.  301-302. 
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Probably  some  others  have  done  a  good  deal  of  estimating 
without  mentioning  the  fact.  Prima  facie  the  writer  would 
expect  these  conditions  to  be  worse  in  the  case  of  the 
public  plants,  since  they  include  a  larger  number  of  small 
stations.  Even  here,  however,  the  errors  might  about  bal- 
ance each  other,  and  it  is  safe  to  assume  that  the  figures 
given  are  a  fairly  close  approximation  to  the  truth. 

The  percentage  of  the  total  output  used  at  the  station 
for  light  and  auxiliaries,  and  unaccounted  for,^  was  18.5  for 
the  companies  and  24.2  or  comparatively  31  per  cent 
higher,  for  the  pubhc  plants.  As  the  amount  used  at  the 
station  by  the  former  is  4.9  per  cent  of  the  total,  the  actual 
current  unaccounted  for  is  13.6  per  cent,  whereas  the 
public  plants  report  3.6  per  cent  used  at  station  and  20.6 
per  cent  unaccounted  for.  This  is  a  rather  noticeable  dis- 
crepancy, particularly  in  view  of  the  fact  that  in  1910  these 
items  amounted  to  only  21.5  per  cent  for  the  public  plants, 
and  were  somewhat  higher,  22.2  per  cent,  for  the  com- 
panies. In  five  years  the  total  unaccounted  for  and  used 
at  station  has  increased  only  31.6  per  cent  in  the  com- 
panies and  98.0,  or  more  than  three  times  as  rapidly,  in 
the  municipalities. 

From  an  examination  of  the  table  in  the  appendix  ^  it 
appears  that  the  municipal  plant  of  Chicopee  reports  an 
abnormally  large  amount  of  unaccounted  for,  44  per  cent, 
and  Mansfield  41  per  cent.  Hence,  if  we  deduct  these  high 
extremes  in  computing  the  average,  the  total  unaccounted 
for  becomes  only  21.1  per  cent  for  the  public  plants,  or 
about  the  same  as  in  1910,  which  is  still  far  ahead  of  the 

'''''  ^  As  called  for  in  the  returns,  the  expression  "unaccounted  for"  means 
the  difference  between  the  total  amount  of  current  generated  and  pur- 
chased and  the  total  amount  delivered  to  all  consumers  together  with 
that  used  at  the  station.  Sometimes,  however,  particularly  in  1910,  the 
quantity  of  current  "used  at  station"  has  not  been  given,  and  is  accord- 
ingly included  in  the  "unaccounted  for."  This  leads  to  a  difficulty  which 
there  seems  to  be  no  means  of  avoiding. 
2  r.  396. 
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companies.  But,  on  more  careful  scrutiny,  we  find  that 
the  municipal  plant  of  AVestfield  returns  an  incredibly  low 
quantity  of  unaccounted  for,  4  per  cent,  —  surely  the 
result  of  mistaken  metering.  If  tliis  low  extreme  be  omit- 
ted, the  average  mounts  to  23  per  cent.  But  if  we  make 
these  adjustments  for  the  municipal  plants,  we  must  also 
apply  the  same  corrections  to  the  companies,  two  of  which 
report  a  very  much  higher  amount  of  unaccounted  for 
than  any  of  the  others,  Amesbury  32.4  per  cent,  and  Great 
Barrington  33.8  per  cent.  Eliminating  these  plants,  we 
get  an  average  of  only  17.4  per  cent  of  unaccounted  for  in 
the  case  of  the  private  plants.  Upon  comparing  this  aver- 
age with  the  corrected  average  of  the  public  plants,  23  per 
cent,  we  find  the  relative  difference  against  the  latter  to  be 
more  than  32  per  cent,  slightly  greater  than  before  any 
corrections  were  made!  Or,  if  Westfield  be  retained  in  the 
municipal  plant  averages,  as  it  surely  should  not  be,  the 
difference  is  reduced  to  something  more  than  21  per  cent. 
More  significant  than  any  of  these  averages,  however,  is 
the  fact  that  only  4  of  the  companies  report  an  amount  of 
current  used  at  station  and  unaccounted  for  in  excess  of 
20  per  cent,  and  in  6  this  item  is  15  per  cent  or  less.  Of  the 
public  plants,  on  the  other  hand,  12  have  losses  higher  than 
20  per  cent,  and  only  2  report  under  15  per  cent. 

To  be  sure,  there  is  always  a  shrinkage  of  current  be- 
tween bus-bars  and  consumers'  meters.  These  losses  may 
be  occasioned  by  numberless  causes.  There  are  line  losses 
due  to  defective  insulation,  resistance  of  circuits,  foliage 
contacts,  and  atmospheric  conditions.  Then  there  are 
meter  and  transformer  losses,  perhaps  due  to  inaccuracy 
in  the  former  and  to  overloading  in  the  latter.  Sometimes 
the  lines  are  tapped  and  current  is  actually  stolen.  Station 
meters,  as  well  as  customers'  meters  may  fail  to  register 
properly,^  and  there  may  be  clerical  errors  in  the  records. 

'  On  this  point  see  ch.  xi,  pp.  308-309.  The  station  meters  of  the 
public  plants  are  sometimes  very  midependable.  In  some  instances,  also- 
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The  nature  of  the  load  is  also  very  significant.    Yet,  as 
external  conditions  seem  to  have  remained  about  the  same 
and  in  many  cases  markedly  to  have  improved  for  the 
public  plants,  this  greater  leakage  of  current  is  probably 
caused  largely  by  bad  engineering.   It  would  appear  that 
the  distributing  system  had  not  been  properly  maintained 
and  improved  during  the  past  few  years.    Though  the 
quantity  of  current  sold  by  an  electric  lighting  plant  can 
never  be  equal  to  the  amount  generated,  yet  the  aim  should 
always  be  to  keep  the  "efBciency  of  distribution  factor"  as 
near  unity  as  possible.   In  the  two  groups,  however,  this 
factor  is  81.5  for  the  companies,  which  operate  by  far  the 
more  extensive  distribution  system,  and  only  75.8  for  the 
municipalities.    While  Holyoke  makes  a  better  absolute 
showing  than  most  of  the  other  plants,  its  current  unac- 
counted for  has  doubled  within  the  past  five  years,  though 
its  output  has  increased  only  50  per  cent,  and  this  in  spite 
of  the  fact  that  its  territory  and  business  are  the  most 
desirable  of  all.   While  engaged  in  the  local  survey  of  the 
plants  herein  discussed,  the  writer  was  constantly  told  by 
managers  of  the  companies  that  probably  the  greater  losses 
of  current  reported  by  the  municipal  plants  might  be  occa- 
sioned by  the  fact  that  smaller  line  transformers  are  used 
by  them  than  by  the  companies.  In  order  to  test  the  truth 
of  this  supposition  the  average  size  of  transformer  used  by 
each  group  of  plants  was  computed,  as  well  as  the  relative 
proportions  which  the  numbers  of  certain  sizes  bear  to  the 
total.    These  data  are  set  forth  in  Table  18. 

It  appears  that  in  1915  the  average  size  of  transformer 
was  6  kilowatts  for  the  municipal  plants,  Holyoke  excluded, 
and  6.45  kilowatts  for  the  companies  —  a  remarkably 
slight  difference,  which  in  itself  could  scarcely  explain  the 
difference  in  current  unaccounted  for.  It  is  true,  however, 

there  is  a  strong  presumption  that  customers'  meters  have  been  tampered 
with  for  the  purpose  of  causing  them  to  register  a  smaller  quantity  of 
current  than  was  actually  delivered. 
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Table  18.  Transformer  Data  (Generating  Plants,  1915) 


Class  of  plant 


Municipal. 
Company. 


Average 

size 
(K.W.) 


6.00 
6.45 


Percentage  distribution  of  the  different  sizes  of  line 
transformers 


1  K.W. 
or  less 


27.0 
24.1 


l+to3 
K.W. 


30.0 
33.0 


3+ to  6 
K.W. 


15.8 
18.5 


6+  to  10 
K.W. 


14.1 
12.2 


Over  10 
K.W. 


13.3 
12.1 


that  the  individual  cases  vary  greatly,  and  that  the  smaller 
transformers  are  frequently  accompanied  by  the  larger 
losses.  But  it  might  be  argued  that,  even  though  the  aver- 
ages are  close  together,  this  is  because  the  numerous  small 
transformers  of  the  public  plants  are  counterbalanced  by  a 
few  very  large  ones.  Now,  it  is  shown  that  the  percentages 
of  the  various  sizes  correspond  with  reasonable  closeness 
in  the  two  groups.  Yet  there  may  be  a  little  truth  in  the 
assumption  just  made,  for  the  percentage  of  the  smallest 
size  in  the  municipal  plants  exceeds  that  of  the  companies 
by  12  per  cent,  and  the  percentage  of  the  largest  size  ex- 
ceeds that  of  the  companies  by  10  per  cent. 

While  it  may  be  that  the  proportionately  greater  number 
of  transformers  under  1  kilowatt  accounts  for  part  of  the 
higher  losses,  it  is  probable  that  these  losses  are  due  more 
to  the  older  and  inferior  types  of  instruments  frequently 
used  by  the  public  plants.  This,  in  turn,  is  often  a  result 
of  a  short-sighted  financial  policy  which  leads  to  the  reten- 
tion of  old  equipment,  even  at  a  loss  in  current,  in  order  to 
avoid  the  investment  in  newer  apparatus  which  will  cause 
the  construction  accounts  to  be  written  up.  In  many 
instances  the  public  have  themselves  willed  a  false  economy 
in  this  regard.^ 

^  So  far  as  the  average  price  of  transformers  is  concerned,  that  does  not 
seem  to  throw  much  light  upon  this  aspect  of  the  case.  It  is  $60  for  the 
companies,  and  $60  for  the  municipal  plants  —  or  $68,  if  we  use  the  gross 
cost  account  instead  of  the  plant  account  (depreciated). 
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Finally,  two  additional  possibilities  remain.  In  the  first 
place,  many  transformers  may  be  operated  at  "light  load" 
for  a  longer  period  of  time  in  the  public  plants.  While 
many  companies  follow  the  policy  of  "cutting  out"  as 
many  as  possible  of  their  transformers  at  certain  seasons 
of  the  year,  thus  greatly  reducing  their  "light  load  losses," 
it  is  very  probable  that  the  other  group,  not  so  much  con- 
cerned about  the  amount  of  current  lost,  since  there  are 
no  stockholders  to  placate,  do  not  take  this  precaution. ^ 
In  the  second  place,  the  latter  may  overload  their  trans- 
formers, and  consequently  overheat  them,  to  such  an  ex- 
tent that  the  core  losses  are  greatly  increased.^  As  a  matter 
of  fact  the  writer  has  found  that  both  of  these  difficulties 
were  formerly  very  common  among  the  municipal  plants. 

From  1910  to  1915,  as  previously  indicated,  the  output 
of  current  in  the  public  plants  increased  76.5  per  cent,  or 
only  65  per  cent  if  Holyoke  is  included.  The  output  of  the 
companies  increased  only  60  per  cent,  or  57  per  cent  if  we 
omit  Buzzard's  Bay,  which  was  just  beginning  operations 
in  1910.  The  current  delivered  to  consumers,  on  the  other 
hand,  increased  70.1  per  cent  in  the  case  of  the  public 
plants  (58  per  cent,  including  Holyoke),  and  68.2  per  cent 
in  the  private  plants  (65.2  per  cent  with  Buzzard's  Bay 
out).  Hence  the  relative  total  increase  in  current  supplied 
has  been  practically  the  same.  The  evident  disparity  be- 
tween increase  of  output  and  increase  of  sales  results  from 
the  decided  reversal  of  position  between  the  two  groups  in 
the  matter  of  current  used  at  station  and  unaccounted  for. 

Table  19  presents  some  interesting  data  of  develop- 
ment. In  the  first  place,  the  relative  character  ofi^the  busi- 
ness done  by  the  companies  has  changed  but  little  during 
the  past  five  years.  The  municipalities,  however,  if  we 
omit  Holyoke,  have  increased  their  power  business  more 
than  twice  as  rapidly  as  have  the  companies,  until  at 
present  their  relative  disposal  of  current  corresponds  very 
1  Cf.  Am.  Hand.  Elec.  Eng.,  p.  1625.  2  Ibid.,  p.  1626. 
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Table  19.    Relative  Amounts  of  Current  Delivered 


Percentage  dis- 
posal oj  curreiU 


Street  lighting . 

Commercial 
lighting 

Power 

Bales  to  other 
companies . . . 

Total. . . . 


Companies 

Munici- 
palities 

1910 

1915 

1910 

1915 

18.2 

30.5 
41.3 

10.0 

14.3 

30.6 
42.7 

12.4 

35.1 

36.1 
27.9 

0.9 

24.3 

31.0 
43.8 

0.9 

100. 

100. 

100. 

100. 

Percentage  increase 

in  the  different  kiiuls 

of  business 


Street  lighting . 

Commercial 
lighting 

Power 

Sales   to  other 
companies... 

Total 


1910-1915 


Com- 
panies 


32.2 

60.0 

74.0 

109.0 


68.2 
(05.2) > 


Munici- 
paliiies 


16.3 
(17.2)« 

48.2 
(01.9)2 

1CS.3 

(72.8)J 

50.0 
(3.32) i 


70.1 
(58.0) 


1  Buzzard's  Bay  omitted. 


Holyoke  included. 


closely  to  that  of  the  latter,  except  in  the  items  of  street 
lighting  and  sales  to  other  companies.  The  inclusion  of 
Holyoke  seems  to  make  the  development  almost  identical 
in  the  two  groups  for  commercial  lighting^  and  power. 
Otherwise,  it  is  rather  surprising  to  note  that  the  private 
plants  have  increased  the  absolute  amount  of  current  sold 
for  all  lighting  purposes  far  more  rapidly  than  have  the 
municipalities.  These  figures  certainly  refute  the  common 
statement  that  municipal  plants  do  not  get  the  power 
business.  It  is  probably  true,  on  the  other  hand,  that  these 
public  plants  are  working  largely  for  "paying"  loads, 
while  the  companies  are  forced,  by  public  pressure,  to  take 
on  a  good  deal  of  poor  business.  It  is  a  rather  difficult 
matter  to  coerce  a  municipality.  Yet  it  is  not  safe  to  make 
this  conclusion  absolute  until  the  local  conditions  have 
been  carefully  studied. ^ 

The  quantity  of  current  actually  sold  per  kilowatt 
capacity  of  generators  ("delivered"  is  a  more  accurate 

^  By  "commercial"  lighting  is  meant  all  lighting  except  street  lighting. 
The  retm-ns  for  Massachusetts  make  no  separation  of  what  is  sometimes 
termed  "domestic"  lighting. 

2  Cf.  ch.  XI,  pp.  309-310. 
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expression  so  far  as  the  public  plants  are  concerned,  since 
their  street  lighting  is  not  on  a  commercial  basis)  averaged 
for  each  municipal  plant  778  kilowatt  hours  in  1910  and 
907  in  1915,  and  for  the  private  plants  947  and  1,052  at  the 
same  dates.  The  gains  were  respectively  17.6  and  11.1  per 
cent.  However,  to  secure  figures  which  show  the  true  con- 
ditions, purchased  current  should  be  deducted  in  either 
case,  whereupon  we  find  the  averages  to  be  765  and  761 
kilowatt  hours  for  the  municipalities,  and  896  and  968 
hours  for  the  companies,  —  an  absolute  decrease  of  0.5 
per  cent  for  the  former  and  an  increase  of  8  per  cent  for  the 
latter  during  the  five-year  period.  The  better  showing 
made  by  the  companies  was  probably  due  largely  to  a 
better  load  factor  in  1910,  as  their  power  business  was  at 
that  time  much  more  highly  developed,  and  in  1915  to  the 
smaller  losses  of  current  as  well  as  to  a  somewhat  more 
favorable  load  factor. 

The  per  capita  consumption  data  are  useful  only  in  a 
rough  sort  of  way,  as  showing  the  general  tendencies  in  the 
two  groups  of  plants.  It  is  significant  to  note,  however, 
that  while  the  total  number  of  kilowatt  hours  consumed 
per  capita  (sales  to  other  companies  being  deducted)  has 
increased  somewhat  more  rapidly  for  the  municipal  plants 
than  for  the  companies,  from  48.4  to  7£.2,  or  49,2  per  cent 
for  the  former,  and  from  52.9  to  74.9,  or  41.5  per  cent  for 
the  latter,  the  figures  are  remarkably  close  together.  Evi- 
dently the  municipalities  were  slightly  behind  in  their 
development  in  1910.  But,  in  1915,  since  the  growth  in 
number  of  inhabitants  in  the  districts  served  has  been 
almost  identical  in  the  two  cases,  14.6  and  14.7  per  cent 
respectively,  we  can  with  some  assurance  draw  the  con- 
clusion that  the  population  is  being  served  about  equally 
well  in  both  groups,  provided,  of  course,  that  the  ratio  of 
consumers  to  inhabitants  is  approximately  the  same.  This 
we  shall  later  find  to  be  the  case.^ 

^  See  p.  110,  infra. 
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Upon  analysis  of  the  various  classes  of  consumption,  it 
appears  that  the  per  capita  use  of  current  for  commercial 
lighting  purposes  has  increased  much  more  rapidly  in  the 
case  of  the  companies,  while  the  sale  of  current  for  power 
has  increased  much  faster  for  the  municipalities  since  this 
feature  of  their  business  was  underdeveloped  in  1910. 
Absolutely,  the  per  capita  consumption  of  current  for  com- 
mercial lighting  is  somewhat  higher  for  the  companies, 
26.2  kilowatt  hours  as  compared  with  22.9  kilowatt  hours, 
a  difference  of  14.4  per  cent.  This  might  be  due  to  a  num- 
ber of  local  causes  which  it  would  be  difficult  to  discover, 
even  after  a  personal  visit  to  the  various  localities.  Per- 
haps it  is  the  result  of  more  advertising  and  pushing  of 
business  by  the  companies,  particularly  as  regards  the  use 
of  electric  fans,  irons,  toasters,  and  other  fixtures  which 
are  on  the  lighting  circuits.  Perhaps,  also,  as  the  per  capita 
valuation  of  property  is  higher  in  the  cities  and  towns 
served  by  the  companies,  there  may  be  a  proportionately 
larger  number  of  wealthy  residents  in  these  places,  who 
use  more  current  for  lighting  purposes. 

The  power  consumption  is  also  14.4  per  cent  more  per 
capita  for  the  companies  (36.5  K.W.H.)  than  for  the  mu- 
nicipalities (31.9  K.W.H.)  —  a  condition  which  we  might 
naturally  expect  in  larger  population  centers,  and  with  more 
effort  made  to  get  new  business  on  the  part  of  the  companies. 

Finally,  it  is  interesting  to  observe  that  the  absolute 
per  capita  consumption  of  current  for  street  lighting  is 
about  50  per  cent  greater  for  the  municipal  plants  (18.1 
K.W.H.)  than  for  the  private  plants  (12.2  K.W.H.). 
Whether  or  not  this  means  better  public  fighting  in  the 
case  of  the  former,  is  a  question  which  cannot  be  definitely 
answered,  though  no  information  secured  in  the  local  sur- 
vey would  warrant  such  a  conclusion.  Some  aspects  of  this 
matter  will  be  discussed  later  in  the  present  chapter.^  But 
it  is  a  reasonably  safe  general  assumption  that  municipali- 

1  Pp.  125-128. 
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ties  owning  their  own  plants  would  not  feel  the  need  of 
economizing  so  carefully  in  the  use  of  the  current  which 
they  themselves  produce  as  would  those  whose  streets  are 
lighted  by  contract  with  private  concerns. 

4,  Customers  and  Peb  Customer  Analyses  ^ 

The  total  number  of  customers,  eliminating  double 
counting,  has  increased  somewhat  more  rapidly  in  the 
group  of  companies  than  in  the  municipal  plants,  the  rates 
being  respectively  103  and  90.2  per  cent.  Due  to  this  fact, 
the  difference  between  the  average  number  of  customers 
per  plant  is  greater  in  1915  than  in  1910.  At  the  latter  date 
the  private  plants  averaged  29.5  per  cent  more  customers 
than  the  public  plants,  whereas  in  1910  the  difference  was 
only  21 .5  per  cent.  The  increase  in  the  number  of  customers 
using  current  for  light  has  been  correspondingly  greater 
for  the  companies.  As  the  municipal  plant  returns  in  1910 
were  not  made  out  in  such  a  way  that  the  total  number  of 
power  customers  could  be  separated  from  the  light  cus- 
tomers, the  year  1911  has  been  chosen  instead  for  the  study 
of  this  aspect  of  the  business  in  both  groups  of  plants.  Be- 
tween these  dates,  the  increase  in  number  of  power  cus- 
tomers was  almost  twice  as  rapid  in  the  municipal  plants 
—  a  growth  largely  accounted  for  by  the  fact  that  their 
power  business  was  only  partially  developed  in  1911.  On 
the  other  hand,  the  more  rapid  increase  in  number  of  light 
customers  in  the  case  of  the  companies,  suggests  a  rather 
strong  probability  that  the  municipalities  may  be  avoiding 
this  sort  of  business  on  the  ground  that  much  of  it  does  not 
"pay."  They  are  evidently  conservative  in  their  policy  of 
extending  service.  The  difference  here  found  is  doubtless 
in  large  measure  the  result  of  the  discrimination  made  by 
the  law  regarding  compulsory  service  by  companies  and 
by  municipal  plants.  This  aspect  of  the  case  will  later 
merit  further  attention  though  there  is  some  evidence 
.  ^  Appendix,  pp.  404-407. 
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which  suggests  that  the  pubHc  plants  are  at  present  serv- 
ing a  larger  proportion  of  all  possible  customers  than  are 
the  companies.^ 

Finally,  the  number  of  customers  per  100  inhabitants 
of  the  district  served  has  increased  just  30  per  cent  faster 
in  the  companies  than  in  the  municipal  plants,  though  the 
absolute  figures  are  slightly  less  in  the  case  of  the  former. 
The  higher  ratio  shown  by  the  latter  (8.8  as  compared 
with  8.2)  is  more  than  explained  by  the  fact  that,  with  only 
four  exceptions,  municipalities  have  not  extended  their 
service  beyond  their  own  boundaries.  Furthermore,  if  the 
comparison  be  limited  simply  to  the  number  of  customers 
and  inhabitants  of  the  cities  or  towns  in  which  the  several 
plants  are  located,  we  find  that  the  ratio  becomes  8.4  per 
hundred  for  the  companies,  remaining  practically  the  same 
as  before  for  the  municipalities.  Since  the  density  of  popu- 
lation of  the  districts  served  by  the  private  plants,  even 
after  all  outside  localities  are  eliminated,  is  much  less  than 
that  of  the  municipalities  owning  their  plants,  we  might 
naturally  expect  a  much  greater  difference  between  these 
ratios.  In  conclusion,  the  public  plants  doing  both  a  gas 
and  electric  business  show  a  ratio  of  consumers  to  popula- 
tion somewhat  under  the  average  ratio  for  the  group,  while 
the  corresponding  companies  apparently  have  a  ratio  con- 
siderably above  the  average.  This  fact  probably  indicates 
merely  that  the  latter  have  pushed  their  electric  business 
more  actively  than  have  the  former. 

In  this  connection  it  is  interesting  to  attempt,  from  a 
different  angle,  a  comparison  of  the  proportion  of  popula- 
tion served  in  each  case.  This  can  be  done  in  a  rather  crude 
fashion  by  finding  the  relation  which  exists  between  the 
total  number  of  light  customers  and  the  number  of  assessed 
dwellings  as  returned  to  the  Tax  Commissioner.  To  be  sure, 
this  does  not  make  allowance  for  the  fact  that  many  of 
these  customers  are  stores,  offices,  halls,  churches,  etc. 

^  Cf.  next  page. 
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The  errors  thus  arising,  however,  would  probably  be  about 
the  same  for  the  two  groups.  Accordingly,  taking  only  the 
number  of  dweUings  in  the  municipalities  in  which  the 
plants  are  located,  and  not  including  any  of  the  customers, 
in  outside  districts,  we  find  that  the  relations  are  as  set 
forth  in  the  following  table:  ^ 

Table  20.  Relation  between  Actual  and  Possible 
Light  Customehs  (1915) 


Character  of  plant 

No.  of  light 
customers  * 

No.  of 

assessed 

dwellings  * 

Per  cent  of 

dwellings 

served 

I.  Generating  plants 

Municipal  ^ 

17,230 
19,923 

5,718 
4,654 

35,895 
48,201 

12,107 
12,907 

48  0 

Company 

41   5 

II.  Purchasing  plants 

Municipa  ^ 

49  0 

Company  ' 

36  0 

1  Holyoke  out. 

'  Franklin  omitted  because  dwellings  are  not  returned. 


2  Norwood  out. 

*  Foreign  districts  excluded. 


From  the  figures  given  it  would  appear  that  in  both 
groups  the  municipal  plants  are  serving  a  larger  proportion 
of  the  possible  customers  than  are  the  companies;  and  this 
advantage  is  particularly  marked  in  the  case  of  the  pur- 
chasing plants,  as  we  are  led  to  expect  from  the  analyses 
presently  to  be  made.  It  must  be  borne  in  mind,  however, 
that  the  public  generating  plants  have  by  far  the  more 
compact  territory,  and  the  dwellings  served  are  for  the 
most  part  more  closely  grouped,  as  shown  by  the  analyses 
of  lines  and  streets  with  overhead  lines  as  well  as  by  the 
population  statistics.  ^ 

The  statistics  of  current  consumption  per  customer,  no 

*  The  number  of  customers  is  found  by  deducting  from  the  total  num- 
ber of  light  customers  the  number  of  customers  of  all  kinds  in  foreign 
territory.  The  result  is  very  nearly  accurate,  for  probably  few  of  those  in 
outside  districts  are  power  customers. 

2  Pp.  130-131,  147  injra. 
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customer  being  counted  twice,  show  the  total  average 
for  both  light  and  power  to  be  623.6  kilowatt  hours  for  the 
municipalities,  an  increase  of  5.5  per  cent  over  the  averape 
amount  in  1910.  Upon  inspection,  however,  it  appears  that 
11  out  of  the  17  plants  showed  a  decrease  in  this  regard, 
and  hence  it  is  clear  that  the  general  trend  was  toward  a 
less  consumption  of  current  per  consumer.  If  Holyoke  is 
included,  the  tendency  becomes  particularly  marked,  16.8 
per  cent.  The  companies  on  the  average  show  a  definite 
decrease  from  881  kilowatt  hours  in  1910  to  765  hours  at 
the  end  of  five  years,  or  13.2  per  cent  less.  This  decrease, 
as  well  as  the  increase  for  the  public  plants,  was  highly 
irregular.  Evidently  the  companies  have  more  large  cus- 
tomers than  the  municipalities,  since  the  absolute  figures 
are  greater.  But  owing  to  the  nature  of  this  particular 
average,  it  is  hardly  safe  to  draw  definite  conclusions.  ^ 

The  quantity  of  current  consumed  per  lighting  customer 
decreased  22  per  cent  in  the  public  plants  during  the  five- 
year  period,  and  almost  14  per  cent  in  the  companies.  This 
decrease  is  probably  in  large  measure  the  result  of  an  in- 
creased utilization  of  Tungsten  lights,  which  require  far 
less  electrical  energy  than  the  old  carbon  filament  lamps. 
As  the  Tungstens  seem  to  have  been  more  widely  used  by 
the  companies  than  by  the  municipalities  in  1910,  the 
decrease  in  their  per  customer  consumption  of  current 
from  this  cause  would  be  proportionately  less,  as  indicated. 
The  more  rapid  decrease  in  the  number  of  arc  lights  used 
might  also  have  had  a  slight  effect  in  making  the  decline 
greater  for  the  public  plants.    And,  thirdly,  it  is  certain 

*  It  must  be  explained  that  the  earlier  total  averages  in  this  case  are 
based  on  the  returns  of  current  sold  in  1910.  However,  the  average  power 
consumed  per  customer  is  based  on  data  given  for  1911,  due  to  the  fact 
that,  as  noted  above,  the  power  customers  could  not  in  1910  be  separated 
from  the  total  customers  in  the  municipal  plants.  For  this  reason,  and 
because  there  is  no  double  counting  of  those  customers  using  both  light 
and  power,  the  average  consumption  given  will  be  by  no  means  compar- 
able with  the  individual  items. 
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that  both  private  and  pubhc  plants  have  a  larger  propor- 
tion of  small  lighting  customers  than  in  1910. 

The  higher  absolute  figures  for  the  companies  (327  kilo- 
watt hours  as  contrasted  with  264  kilowatt  hours  for  the 
municipalities)  are  no  doubt  occasioned  by  a  compara- 
tively small  number  of  very  large  customers  —  a  condition 
which  we  might  expect  to  find  in  the  larger  centers  of  pop- 
ulation and  in  places  where  there  are  numerous  hotels,  etc. 
The  inclusion  of  Holyoke,  bringing  the  average  up  to  333 
kilowatt  hours,  slightly  higher  than  that  of  the  companies, 
helps  to  confirm  this  point  of  view.  Again,  the  companies 
have,  as  suggested  above,  probably  pushed  the  use  of 
those  numerous  fixtures  which  are  ordinarily  attached  to 
lighting  circuits  much  more  energetically  than  have  the 
other  group.  Thus,  more  current  would  appear  to  be  used 
on  the  average  by  each  lighting  customer.  The  writer's 
reason  for  giving  some  weight  to  this  argument  is  based 
on  a  study  of  the  returns  from  the  various  plants,  which 
show  considerable  sums  spent  for  advertising,  soliciting, 
and  new  business  on  the  part  of  the  private  plants,  and 
very  little  on  this  account  spent  by  the  municipalities. 
Previous  analyses  prevent  the  assumption  in  this  connec- 
tion that  the  companies  are  not  developing  the  small 
lighting  business. 

It  is  rather  interesting  to  find  an  identical  rate  of  increase 
during  the  period  in  the  average  amount  used  for  power 
per  customer  —  a  little  over  24  per  cent  in  each  case.  Nor 
is  it  surprising  that  the  absolute  figiu-es  are  still  somewhat 
higher  for  the  companies  (6782  K.W.H.  vs.  6278  K.W.H.). 

5.  Connected  Load  and  Per  Connected  Load  Analyses  ^ 

Few  of  the  records  kept  by  electric  lighting  plants  are 
less  satisfactory  than  the  connected  load  data,  though, 
for  rate-making  purposes,  few  are  more  significant.  From  the 
very  nature  of  the  business  it  could  not  well  be  otherwise, 

^  Appendix,  pp.  408-415. 
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for,  even  with  the  most  skillful  management  and  careful 
engineering,  it  is  practically  impossible  to  keep  track  of 
the  constant  changes  which  take  place  in  the  various  kinds 
of  business.  Obviously  the  power  load  can  be  much  more 
nearly  approximated  than  the  lighting  load.  Yet,  if  reason- 
ably careful  estimates  have  been  made,  the  average  con- 
nected loads  for  two  fairly  large  groups  of  plants,  provided 
we  can  get  them,  should  be  of  some  general  use  in  our  com- 
parative study.  Unfortunately  nearly  50  per  cent  of  the 
municipal  plants  have  not  seen  fit  to  give  complete  data 
on  this  point,  though  all  of  the  companies  have  returned 
the  information  required  by  the  Board.  As  so  small  a 
proportion  of  the  former  have  made  this  return,  the  figures 
submitted  by  the  remaining  ones  are  probably  open  to 
even  more  question  than  the  figures  of  the  companies. 

However  that  may  be,  we  have  the  total  connected  load 
of  9  municipal  plants,  Holyoke  excluded,  to  compare  with 
that  of  the  17  private  plants.  While  the  lighting  load  data 
are  totally  lacking  in  so  many  cases,  with  one  or  two 
exceptions  the  municipalities  have  returned  some  kind  of 
a  connected  load  for  power,  and  the  street  lighting  data 
seem  to  be  complete.  Aside  from  carelessness  in  estimat- 
ing, the  figures  are  frequently  wrongly  reported,  as,  for 
example,  when  the  horse  power  of  motors  is  returned  as 
if  it  were  kilowatts,  and  when  an  incorrect  wattage  is  given 
for  lamps  even  though  the  number  may  be  correct.  Some 
of  these  inaccuracies  can  be  found  and  rectified,  while 
others  cannot.  Whenever  possible  the  writer  has  checked 
the  returns  of  preceding  or  following  years.  Thus,  it  has 
often  been  possible  to  correct  rather  serious  errors  which 
have  escaped  the  attention  of  the  Board's  accountants. 
Finally,  as  no  definite  connected  load  data  were  worked 
out  by  the  municipal  plants  before  1911,  in  order  to  reduce 
the  inaccuracies  to  a  minimum  that  year  instead  of  1910 
has  usually  been  selected  for  comparison  with  1915.  No 
connected  load  occasioned  by  service  to  other  companies 
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is  included.  Bearing  in  mind  these  cautions  and  restric- 
tions, we  are  in  a  position  to  make  a  few  analyses  of  the 
connected  load  figures.^ 

It  is  necessary,  however,  to  know  something  about  the 
physical  character  of  the  connected  load,  the  kind  of  lamps, 
size  of  motors,  etc.,  and  to  study  the  changes  which  have 
been  taking  place,  before  we  can  intelligently  discuss  the 
load  itself.  We  find  the  commercial  lamp  data  of  the  public 
plants  so  unsatisfactory  that  they  hardly  merit  study. 
Though  all  of  them  attempted  to  give  the  number  of  lamps 
in  1910,  only  10  did  so  in  1915.  Excludmg  Holyoke,  the 
9  plants  reporting  at  both  dates  show  an  increase  of  53.3 
per  cent  during  the  five-year  period,  while  the  companies 
report  twice  as  great  an  increase,  or  103.8  per  cent.  If 
Holyoke  be  included,  the  first  group  has  an  increase  of 
121  per  cent  instead  of  53.3.  No  doubt  many  of  the  pub- 
lic plants  have  greatly  underestimated  their  commercial 
lamps,  for  several  report  practically  no  increase  during  the 
period,  though  their  customers  have  almost  doubled  in 
number.  Hence,  we  find  in  this  group  an  actual  decrease 
in  the  number  of  lamps  per  customer  from  22.2  to  19.3,  or 
13.1  per  cent.  This  is  a  possibility,  but  scarcely  a  prob- 
ability in  view  of  the  lower  cost  of  lamps  in  1915.  The  com- 
panies, on  the  contrary,  absolutely  higher  in  the  beginning, 
show  an  increase  of  2.9  per  cent,  from  24.4  to  25.1  lamps 
per  customer.  When  Holyoke  is  included,  the  proportions 
become  nearly  equal.  In  the  per  capita  statistics,  though 
both  groups  were  close  together  in  1910,  the  municipalities 
were  somewhat  ahead  at  the  end  of  the  period  (2.22  to  1.9) 
having  gained  91  per  cent  as  opposed  to  a  72.7  per  cent  gain 
for  the  companies.  This  difference  can  be  readily  understood 
when  we  remember  the  wider  area  served  by  the  latter. 

*  As  the  Board  specially  requested  the  total  load  data  in  kilowatts 
from  the  municipal  plants  in  1911,  there  is  a  strong  presumption  that 
more  care  may  have  been  exercised  in  getting  this  information  then  than 
at  any  other  date. 
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The  commercial  arc  lamp  data  are  probably  correct  in 
both  cases,  as  it  is  not  difficult  to  keep  track  of  them.  It 
appears  that  the  9  municipalities  giving  full  reports  in 
1915  had  only  20  commercial  arcs,  a  decrease  of  60  per 
cent  from  the  number,  49,  in  1910,  and,  for  all  of  this  group 
excluding  Holyoke,  the  number  dropped  from  223  to  29. 
Holyoke  reported  about  70  per  cent  of  the  total  number 
in  1910  and  85  per  cent  in  1915.  The  companies  returned 
667  arcs  at  the  former  date  and  201  at  the  latter,  a  decrease 
of  70  per  cent.  So  far  as  the  incandescent  lamps  are  con- 
cerned, little  can  be  made  out  of  the  records  regarding 
carbons  and  tungstens,  except  that  the  definitely  specified 
proportion  of  the  latter  is  much  higher  in  the  company 
plants. 

A  study  of  the  connected  power  load  reveals  the  fact 
that  the  number  of  motors  has  increased  much  more  rap- 
idly in  the  public  plants,  153  per  cent  during  five  years. 
The  companies  reporting  at  both  dates  show  an  increase 
of  only  52  per  cent.  All  but  one  of  the  first  group  did  a 
power  business  at  both  dates.  In  two  of  the  companies  the 
number  of  motors  could  not  be  ascertained  either  in  1910 
or  in  1911,  while  in  two  other  cases  there  was  no  motor 
service.  Only  one  did  not  supply  power  in  1915.  The 
average  capacity  of  motors  has  been  computed  for  the 
year  1911  instead  of  1910,  as  the  returns  at  this  date  seem 
more  trustworthy.  When  sufficient  data  could  not  be 
secured  for  this  year,  the  preceding  one  was  chosen.  It 
appears,  therefore,  that  the  average  kilowatt  capacity  of 
motors  was  higher  at  both  dates  for  the  municipal  plants 
(5.18  and  6.47  K.W.  as  contrasted  with  4.34  and  5.95  K.W. 
for  the  companies).  Though  the  rate  of  increase  has  been 
50  per  cent  more  rapid  in  the  case  of  the  private  plants 
(37  vs.  25  per  cent),  yet  the  average  capacity  is  still  9  per 
cent  greater  for  the  municipalities.  This  difference  might 
be  in  some  measure  due  to  the  fact  that  the  latter  have 
sometimes  reported  horse  power  for  kilowatts  or  have 
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failed  to  return  the  correct  number  of  motors,  as  seemed 
to  be  the  case  with  respect  to  their  commercial  lamps. 
Some  weight  may  also  be  given  to  the  argument  that 
throughout  the  period  the  companies  have  been  consciously 
attracting  the  smaller  customers.  And,  finally,  it  is  prob- 
ably in  large  measure  the  result  of  differences  in  local 
conditions,  for  the  municipalities  owning  th^ir  plants  are, 
in  proportion  to  population,  the  greater  manufacturing 
centers.  In  the  municipal  group  the  large  plants  of  Taun- 
ton, Chicopee,  Peabody,  and  Danvers  seem  to  be  for  the 
most  part  responsible  for  the  higher  average  capacity  of 
motors.  Of  the  companies,  on  the  other  hand,  Amesbury, 
Plymouth,  and  Quincy  also  have  a  large  number  of  motors 
of  more  than  average  size.^ 

The  rate  of  increase  in  the  total  connected  load  of  the 
municipal  plants  reporting,  57.4  per  cent,  or  66.6  per  cent 
including  Holyoke,  is  practically  the  same  as  that  in  the 
companies,  63.8  per  cent.  These  rates  coincide  closely 
with  the  rate  of  increase  in  the  amount  of  current  sold  for 
all  purposes  in  the  two  groups,  70.1  and  68.2  per  cent  re- 
spectively. The  wider  spread  in  the  case  of  the  municipal 
plants  between  the  rate  of  increase  of  connected  load  and 
the  rate  of  increase  in  current  delivered,  in  spite  of  the  fact 
that  they  sell  a  very  small  quantity  of  current  to  other 
companies,  is  occasioned  partially  by  the  fact  that  the 
character  of  their  load,  much  worse  in  1911,  has  been  im- 
proving more  rapidly  than  that  of  the  companies.  The 
figures  are  further  influenced  by  the  fact  that  only  9  out 
of  17  pubhc  plants  are  represented,  and  these  among  the 
smaller  ones.  It  is  also  probable  that  in  many  cases  not 
all  of  the  load  was  reported,  and  that  the  little  consumers 
with  large  loads  have  not  been  encouraged  by  the  muni- 
cipalities. On  the  other  hand,  the  private  plants,  be- 
cause of  the  important  commercial  considerations  involved, 

^  *  A  discussion  of  the  street  lighting  data  will  be  reserved  till  the  con- 
nected load  has  been  studied  in  its  varied  aspects. 
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would  probably  overestimate  rather  than  underestimate 
their  connected  load.  Holyoke,  the  most  efficient  of  the 
municipal  plants,  shows  an  increase  in  connected  load 
considerably  more  rapid  than  the  increase  in  amount  of 
business. 

The  connected  load  of  the  companies  averages  80.4 
per  cent  greater  than  the  average  generating  capacity  per 
plant,  while  that  of  the  9  municipalities  averages  93.2  per 
cent  greater.  The  higher  ratio  of  the  latter,  since  the  pro- 
portionate amount  of  current  bought  is  about  the  same  in 
either  case,  may  be  accounted  for  in  some  measure  by  the 
fact  that  the  public  plants  still  have  the  larger  proportion 
of  inactive  load.  It  is  also  even  more  probable  that  they 
are  not  anticipating  future  needs  by  enlarging  their  gen- 
erating capacity,  to  the  extent  that  the  companies  are 
doing  so.^  The  difference  between  the  two  ratios,  however, 
not  much  over  16  per  cent,  is  not  in  itself  very  significant. 

In  the  7  pubUc  plants  which  furnish  suflBcient  data  for 
computation,  the  ratio  of  the  maximum  station  load  to 
the  connected  load  is  29.4  per  cent,  and,  by  a  surprising 
coincidence,  the  ratio  of  the  14  companies  is  also  29.4  per 
cent.  Expressed  in  better  terms,  the  total  connected  load 
in  both  cases  is  3.4  times  the  total  maximum  load  upon 
the  stations.  This  would  seem  to  indicate  a  similar  "  poten- 
tial" diversity  factor  for  the  two  groups,  if  we  may  coin  a 
new  expression.  These  figures  furnish  us  no  clue,  however, 
to  the  true  diversity  factor,  which  is  the  ratio  of  the  maximum 
demand  of  the  system  upon  tJie  station  to  the  sum  of  the  sepa- 
rate or  individual  maxima.  If  allowance  is  made  for  the 
fact  that  a  considerable  portion  of  the  companies'  maximum 
demand,  probably  not  less  than  10  per  cent,  is  occasioned 
by  sales  to  other  companies  or  to  municipalities,  whereas 
this  influence  is  practically  nil  in  the  case  of  the  municipal 
plants,  we  can  readily  see  that  the  "potential"  diversity 
factor  would  be  by  so  much  the  greater  for  the  public 
»  Cf.  pp.  S03-304,  supra. 
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plants,  since  the  connected  load  data  do  not  include  these 
foreign  loads.  On  these  grounds  it  would  probably  be  safe 
to  assume  that  the  companies  really  have  a  more  favorable 
diversity  factor  than  the  public  plants,  in  so  far  as  their 
individual  customers  are  concerned.  The  writer  feels  that 
this  deduction  is  reasonably  correct,  though  because  of 
the  lack  of  more  adequate  data,  the  comparison  attempted 
is  interesting  rather  than  conclusive. 

Upon  examination  it  appears  that  the  proportionate 
distribution  of  the  total  connected  load  among  the  various 
classes  of  service,  commercial  lighting,  street  lighting,  and 
power,  is  practically  the  same  in  the  two  groups.  The 
public  plants  are  a  very  little  in  the  lead  for  both  of  the 
lighting  loads,  while  the  private  plants  have  a  slightly 
higher  percentage  of  power  load.  In  both  cases,  however, 
the  power  load  is  close  to  50  per  cent  of  the  combined  light 
loads.  The  very  noticeable  difference  between  the  muni- 
cipal power  load  of  the  public  plants  and  that  of  the  pri- 
vate plants,  an  average  of  20.26  kilowatts  per  plant  in 
the  former  and  of  only  6.47  in  the  latter,  is  for  the  most 
part  accounted  for  by  the  fact  that  a  number  of  the  muni- 
cipalities operate  pumping  stations  or  sewage  disposal 
plants  in  connection  with  their  electric  light  stations.  Also 
it  is  but  natural  that  localities  serving  themselves  should 
be  generous  with  that  service. 

During  the  past  four  years  there  has  been  almost  no 
change  in  the  percentage  distribution  of  the  various  con- 
nected loads  of  the  companies,  excepting  a  small  decrease 
in  the  lighting  loads.  The  municipalities,  on  the  contrary, 
have  been  subject  to  a  very  marked  percentage  decrease 
(from  79  to  64.6  per  cent)  in  the  commercial  lighting  load, 
and  the  absolute  increase  has  been  comparatively  slight, 
only  28.6  per  cent  as  contrasted  with  61.9  per  cent  for  the 
companies.  Their  gain  has  been  largely  in  the  power  load, 
which  has  increased  absolutely  179.4  per  cent,  so  that  its 
proportion  of  the  entire  load  has  doubled  in  four  years, 
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now  standing  at  32.3  per  cent  whereas  it  was  only  16,1 
per  cent  of  the  total  in  1911. 

The  rate  of  increase  in  the  power  and  commercial  light- 
ing loads  of  the  companies  corresponds  with  remarkable 
closeness  to  the  rate  of  increase  in  the  current  sold  for 
these  purposes  —  61.9  to  60  per  cent  for  lighting  and  74.3 
to  74  per  cent  for  power.  For  the  public  plants  the  rate 
of  increase  of  the  power  load  roughly  approximates  the 
rate  of  increase  of  current  delivered  to  power  consumers 
(179.4  to  168.3).  But  there  is  not  the  same  close  connec- 
tion in  the  case  of  the  commercial  lighting  loads  and  sales 
of  current  for  lighting.  The  increase  in  commercial  lighting 
sales  (48.2  per  cent)  seems  to  have  been  much  more  rapid 
in  the  municipal  plants  than  the  increase  in  lighting  load 
(28.6  per  cent).  While  this  might  mean  an  improvement 
in  the  already  existing  lighting  load,  it  probably  signifies 
that  the  estimate  of  the  number  of  lamps  connected  is  too 
low.  Holyoke  shows  a  closely  parallel  increase  in  both 
items.  The  absolute  increase  in  the  street  lighting  loads, 
which  are  probably  as  accurate  as  could  be  wished  for,  has 
been  negligible  in  both  cases,  though  slightly  more  rapid 
for  the  companies.  Hence  the  absolute  increase  in  the 
amount  of  current  delivered  for  street  lights  and  the  rela- 
tively greater  increase  in  the  case  of  the  companies,  are 
occasioned  by  longer  hours'  use  of  lamps  per  night  and 
by  a  larger  number  of  nights'  use  per  month.  Finally,  in 
all  of  these  comparisons  we  must  bear  in  mind  the  fact 
that  we  are  contrasting  the  increase  in  connected  load 
since  1911  with  the  increase  in  current  sold  or  delivered 
since  1910. 

Owing  to  the  unsatisfactory  character  of  both  the  popu- 
lation and  the  connected  load  data,  it  is  scarcely  worth 
while  to  deduce  any  relations  between  the  two.  In  passing, 
however,  it  may  be  noted  that  the  increase  of  the  per 
capita  connected  load  has  been  somewhat  more  rapid  for 
the  companies  (from  103  to  147  watts,  or  52.7  per  cent) 
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than  for  the  municipalities  (from  129  to  169  watts,  or  31 
per  cent).  This  may  show  an  increasing  effort  to  develop 
the  territory  served  by  the  companies;  while  the  higher 
absolute  figures  for  the  municipalities  are  probably  a  re- 
sult of  the  more  restricted  area  served  and  the  denser  pop- 
ulation. 

The  aggregate  light  and  power  connected  load  per  cus- 
tomer seems  to  have  increased  very  slightly,  from  1.36  to 
1.40  kilowatts,  or  3  per  cent,  in  the  group  of  9  municipal 
plants,  and  to  have  decreased  an  inconsiderable  amoimt, 
from  1.83  to  1.75  kilowatts,  or  4.4  per  cent,  in  the  other 
group. ^  The  average  lighting  load  of  the  former,  0.950 
kilowatts,  is  17.4  per  cent  less  than  in  1911,  while  that  of 
the  private  plants  has  decreased  only  6.6  per  cent  to  1.13 
kilowatts.  This  difference  in  rate  of  decrease  corresponds 
roughly  to  the  rate  of  decrease  in  the  amount  of  current 
consumed  per  customer  for  lighting  piuposes.  The  fact 
that  the  absolute  figures  are  higher  for  the  companies  and 
that  their  rate  of  decrease  has  been  less,  should  be  inter- 
preted in  the  light  of  what  has  already  been  said  regarding 
the  total  load  data  and  the  consumption  of  lighting  current 
per  customer.  If  the  number  of  lamps  reported  by  the 
municipalities  is  too  low,  as  is  probable,  the  connected 
lighting  load  per  customer  would  naturally  appear  less 
than  it  should  be. 

The  average  power  load  per  customer,  as  might  be  ex- 
pected, has  almost  doubled  in  the  14  municipal  plants  re- 
porting at  both  dates,  and  has  increased  only  25.5  per  cent 
in  the  companies,  so  that  the  absolute  figures  are  now  very 
close  together,  9.46  (9.22)  kilowatts  for  the  former,  and  9.74 

^  In  the  averages  computed  in  this  connection,  the  municipal  power 
load  is  included,  since  it  is  impossible  in  most  cases  to  separate  this  item 
from  the  total  power  load  in  1911.  In  1915  the  municipal  power  load  of 
the  public  plants  amounted  to  only  3.7  per  cent  of  the  total  power  load, 
and  to  less  than  2  per  cent  of  the  total  light  and  power  load.  In  the  com- 
panies the  percentage  of  municipal  power  load  reported  is  so  small  as  to 
be  negligible.  Hence  the  averages  will  be  little  affected  by  this  inclusion. 
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for  the  latter.  The  rate  of  increase  for  the  private  plants 
coincides  with  the  rate  of  increase  in  current  consumed  per 
power  customer  (24  per  cent),  and  we  can  probably  assume 
that  the  company  returns  are  reasonably  accurate  in  this 
connection.  On  the  other  hand,  the  fact  that  the  public 
plants  show  an  increase  of  only  24.1  per  cent  in  the  con- 
sumption of  current  per  power  customer  and  95.1  per  cent 
increase  in  each  power  customer's  connected  load,  is,  to 
say  the  least,  rather  puzzKng.  Even  when  we  eliminate 
the  large  plants  of  Danvers  and  Westfield,  which  show 
an  abnormally  large  increase  in  this  particular,  the  rate 
still  does  not  fall  below  70  per  cent. 

This  discrepancy  cannot  be  accounted  for  by  any  un- 
usual increase  in  connected  power  load  late  in  the  year 
1914-15.  It  may  mean  that  some  of  the  public  plants  are 
still  reporting  their  power  load  in  horse  power  as  they 
formerly  did,  instead  of  in  kilowatts  as  called  for  in  the 
returns.  This  would  make  their  reported  load  considerably 
higher  than  the  actual  load,  since  a  horse  power  is  only 
three  fourths  of  a  kilowatt.  As  the  waiter  has  discovered 
and  corrected  a  number  of  such  cases,  it  is  probable  that 
there  are  others.  Yet,  as  we  shall  find  the  current  con- 
sumed per  kilowatt  connected  power  load  almost  identical 
in  the  two  groups,  this  assumption  does  not  seem  exactly 
to  fit  the  case,  for,  if  the  kilowatts  be  reduced  to  horse 
power,  it  would  tend  to  make  the  consumption  per  kilo- 
watt hour  considerably  higher  for  the  public  plants.  This 
would  indicate  a  large  number  of  power  customers  with 
very  favorable  loads,  and  it  would  not  make  allowance  for 
the  fact  that  the  companies  also  might  have  reported 
wrongly.  On  the  other  hand,  if  we  assume  that  the  returns 
are  approximately  correct  on  this  point,  it  evidently  means 
that  the  public  plants,  with  so  rapid  an  increase  in  con- 
nected power  load,  must  have  taken  on  a  large  proportion 
of  small  power  customers.  However,  since  the  average 
size  of  the  connected  motors  is  greater  in  the  case  of  the 
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municipal  plants,  this  view  of  the  matter  can  hardly  be 
accurate.  Nor  does  it  seem  probable  that  those  customers 
occasioning  a  marked  increase  in  the  load  would  consume 
a  relatively  small  quantity  of  current. 

Knowing  that  the  consumption  of  current  per  power 
customer  has  increased  at  an  equal  rate  for  both  groups  of 
plants  and  that  the  consumption  per  kilowatt  connected 
load  seems  to  have  decreased  at  about  the  same  rate  in 
both  cases,  we  will  not  attempt  further  to  discover  why 
the  rate  of  increase  in  connected  power  load  per  customer 
in  the  municipal  plants  is  four  times  as  great  as  that  of  the 
companies,  and  four  times  as  great  as  the  rate  of  increase 
of  current  used  per  power  customer  in  either  case.  It  is 
also  reassuring  to  know  that  Holyoke,  the  paragon  of 
public  plants  in  the  State,  shows  only  a  slight  increase  in 
connected  load  per  power  customer. 

Having  deducted  the  sales  to  other  companies,  we  find 
that  the  yearly  consumption  of  current  per  kilowatt  con- 
nected load  has  decreased  10.8  per  cent  (from  573  to  511 
K.W.H.)  for  the  companies  since  1911.  For  the  munici- 
palities there  is  an  apparent  increase  of  18.5  per  cent  (from 
443  to  525  K.W.H.) .  This  decrease  on  the  part  of  the 
former  is  probably  accounted  for  by  the  fact  that  their 
service  has  been  extended  more  rapidly  to  the  poorer  cus- 
tomers. But,  if  Holyoke  be  included  with  the  public 
plants,  the  decrease  is  about  the  same  in  the  two  groups. 

Upon  analysis  of  the  different  classes  of  business,  it 
appears  that  the  amount  of  cm-rent  consumed  per  kilowatt 
connected  lighting  load  in  the  company  plants  has  de- 
creased 5.Q  per  cent  during  the  period,  whereas  there  has 
been  an  increase  of  10  per  cent  in  the  municipalities,  so 
that  the  relative  amounts  consumed  are  now  respectively 
289  and  252  kilowatt  hours.  For  reasons  which  are  fairly 
obvious  from  what  has  already  been  said,  we  would  expect 
the  higher  absolute  figures  in  the  case  of  the  companies. 
The  effect  of  seaside  resorts  on  the  use  of  maximum  demand 
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can  be  clearly  seen.  Though  the  increase  of  this  item  for 
the  public  plants  might  indicate  that  their  business  is  being 
rapidly  pushed,  it  is  probably  due  still  more  to  the  fact 
that  unsatisfactory  customers  are  discouraged  by  the  pro- 
vision in  the  law  to  the  effect  that  the  cost  of  extensions 
and  connections  on  the  customer's  property  can  be  assessed 
wholly  or  in  part  upon  him  as  well  as  by  the  fact  that  no 
city  or  town  can  be  compelled  to  furnish  electricity  without 
an  express  order  of  the  Board  of  Gas  and  Electric  Light 
Commissioners.  1  There  will  be  occasion  later  to  revert  to 
this  aspect  of  the  case.  Finally,  the  failure  to  report  a 
suflScient  number  of  lamps  would  also  make  the  increase 
appear  greater. 

There  is  a  close  correspondence  between  the  increase  in 
the  number  of  kilowatt  hours  consumed  per  street  lighting 
load  in  the  two  cases,  10  per  cent  for  the  municipalities 
and  12.3  per  cent  for  the  companies.  This  simply  means 
that  the  lamps  are  being  used  a  greater  number  of  hours 
per  year  than  formerly.  The  power  consumption,  per  con- 
nected load,  on  the  other  hand,  has  decreased  in  both 
groups,  but  with  greater  rapidity  in  the  municipalities. 
The  figures  are  now  close  together,  being  699  kilowatt  hours 
for  the  companies  and  674  for  the  public  plants.  This 
decrease  doubtless  signifies  that  new  uses  for  power  have 
been  found,  while  the  seemingly  more  rapid  decrease  in 
the  municipal  plants,  which  were  slightly  in  the  lead  in 
1911,  may  or  may  not  be  the  result  of  inaccuracy  in  report- 
ing the  connected  load. 

Table  21  presents  in  a  convenient  form  some  compari- 
sons between  the  connected  load  and  the  consumption  of 
current  in  the  two  groups  of  plants.  As  we  have  found  the 
number  of  kilowatt  hours'  consumption  per  kilowatt  con- 
nected load  for  the  various  classes  of  service,  and  since  the 
maximum  use  would  necessarily  be  8,760  hours,  the  num- 
ber of  hours  in  a  year,  it  is  a  comparatively  simple  matter 
1  Mass.  1914,  ch.  742,  sects.  117,  118. 
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Tabt.k  21. 

Utilization  of  Maxuium  Demand 

Connected  load 

A'.  W.H.  Con- 
sumed per  K.  W. 
connected  load 

Number  of  days^ 
use  per  year 

Number  of  hours'' 
iwe  per  day 

Per  cent  of 
possible  use 

Com- 
panies 

Munici- 
palities 

Com- 
panies 

Munici- 
palities 

Com- 
panies 

Munici- 
palities 

Com- 
panies 

Munici- 
palities 

Total 

511 

289 
C'JO 

3137 

525 

252 
674 

3783 

21.2 

12.0 
29.1 

143.2 

21.9 

10.5 
28.0 

157.6 

1.39 

0.80 
1.90 

9.40 

1.44 

0.70 
1.80 

10.40 

5.8 

3.3 

8.0 

39.2 

6.0 

Commercial 
licfliting  . . . 

Power 

Street    light- 
ing  

2.9 

7.7 

43.2 

to  find  the  number  of  days'  useof  the  maximum  demand, 
the  number  of  hours'  use  per  day,  and  the  ratio  which  the 
actual  use  bears  to  the  possible  use.  As  the  connected  load 
used  is  that  found  at  the  end  of  the  year,  and  not  the  aver- 
age for  the  year,  the  "use"  factor  in  each  case  will  be  some- 
what too  small.  The  remarkably  close  coincidence  between 
the  two  sets  of  plants  would  lead  us  to  infer  that  the  local 
conditions  are  similar.  But  full  allowance  must  be  made 
for  the  numerous  possibilities  of  error  aheady  mentioned. 

6.  Street  Lighting  Data  and  Analyses  ' 

Before  leaving  the  subject  of  connected  load,  attention 
must  be  paid  to  the  character  and  development  of  the 
street  lighting  load,  which,  for  our  purposes,  stands  in  a 
class  by  itself,  since  this  is  the  portion  of  the  business  of 
municipal  plants  that  is  not  carried  on  as  a  commercial 
undertaking.  The  data  in  this  case  are  fairly  trustworthy, 
for  the  returns  call  for  great  accuracy.  As  the  street  lamps 
of  other  municipalities  supplied  by  the  public  plants  con- 
stitute only  5.5  per  cent  of  the  total  for  this  group,  they 
have  been  omitted  in  the  computations  so  that  we  can 
better  study  the  conditions  of  street  lighting  in  the  cities 
and  towns  which  have  their  own  hghting  plants.  These 
foreign  street  lights  are  really  a  part  of  their  commercial 
•     ^  Appendix,  pp.  416-419. 
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lighting  business.  When  there  is  a  possibility  that  their 
inclusion  would  have  a  noticeable  effect  upon  the  averages, 
mention  will  be  made  of  the  fact. 

The  percentage  of  arc  lights  was  higher  at  both  dates 
for  the  companies,  and  the  decrease  in  numbers  has  been 
just  twice  as  rapid  in  the  municipal  plants.  At  present  the 
arcs  are  equal  to  7.9  per  cent  of  the  total  number  of  street 
lamps  in  the  latter  group  (11  per  cent  if  Holyoke  be  in- 
cluded) and  10.6  per  cent  of  the  total  in  the  former.  There 
does  not  seem  to  be  any  marked  difference  in  the  kind  of 
arcs  used  in  the  two  cases.  Of  the  incandescent  lamps  the 
carbons  amounted  to  28  per  cent  of  the  total  for  municipal 
plants  in  1910  and  to  5  per  cent  in  1915.  For  the  companies, 
however,  the  carbons  formed  only  18  per  cent  of  all  incandes- 
cents  at  the  earlier  date,  and  in  1915  less  than  1  per  cent. 

The  increase  in  the  total  number  of  street  lights  has 
been  far  more  rapid  for  the  companies  than  for  the  mu- 
nicipalities. Though  five  years  ago  the  number  of  lamps 
per  plant  was  25  per  cent  higher  in  the  public  plants,  the 
figures  are  now  approximately  the  same.  This  means  that, 
as  the  average  population  of  the  districts  served  is  greater 
in  the  former  group,  the  number  of  lamps  per  capita  will  be 
somewhat  less.  Yet  the  companies  have  extended  their 
service  continuously  until  one  lamp  now  serves  24.8  per- 
sons, while  in  the  other  group  there  is  one  lamp  to  18.1 
inhabitants.  Obviously  the  more  scattering  population  of 
the  former,  as  well  as  the  somewhat  greater  number  of  arc 
lights  will  help  to  account  for  the  difference,  in  spite  of  the 
fact  that  the  average  wattage  of  lamps  is  now  equal.  Also, 
it  is  to  be  expected  that  municipalities  would  keep  them- 
selves generously  supplied  with  lights,  the  real  cost  of 
which  is  not  disclosed  by  the  accounts  kept,  and  which  in 
some  cases  may  be  partially  paid  for  out  of  the  profits 
made  in  the  commercial  lighting  business. 

The  number  of  feet  of  street  lines  per  lamp  is  511  in  the 
municipal  plants  and  617  in  the  companies,  though  the 
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length  per  commercial  customer  is  about  the  same  (329 
and  303  feet  respectively).  The  greater  length  of  "  over- 
head" per  lamp  in  the  latter  (436  vs.  299)  is  accounted  for 
largely  by  the  fact  that  they  serve  a  more  sparsely  settled 
territory,  of  which  more  anon.  There  is  one  lamp  to  1.6 
commercial  customers  in  the  public  plants  and  to  2.1  cus- 
tomers in  the  other  group.  Probably  geographical  condi- 
tions go  far  to  explain  the  difference,  as  well  as  the  fact 
that  the  companies  are  located  for  the  most  part  in  places 
which  are  residential  rather  than  manufacturing.  After  a 
tedious  computation  it  appears  that  the  "rated"  candle 
power  of  illumination  per  capita  has  decreased  at  an  equal 
rate  in  both  groups,  now  standing  at  8  candle  power  for  the 
public  plants  (or  only  7  candle  power  if  Holyoke  be  in- 
cluded), and  6.4  for  the  private  plants.^  This  decrease  in 
per  capita  candle  power  is  doubtless  largely  accounted  for 
by  the  increased  use  of  smaller  lamps  more  effectively 
placed  than  formerly.  As  might  be  expected,  due  to  the 
advance  in  the  art  of  lighting,  the  decrease  in  the  per 
capita  wattage  of  lamps  has  been  more  rapid  than  the 
decrease  in  candle  power  —  a  fact  which  shows  the  in- 
creasing lamp  efficiency.  This  decrease  in  wattage  has 
been  more  marked  in  the  case  of  the  companies.  Though 
the  differences  in  all  of  these  relations  are  surprisingly 
constant,  we  are  scarcely  justified  in  attempting  to  draw 
definite  conclusions  therefrom. 

^  It  is  an  almost  hopeless  task  to  endeavor  to  discover  the  real  candle 
power  of  the  street  lights.  The  municipalities  have  usually  reported  the 
supposed  candle  power  of  certain  classes  of  lamps,  and  their  estimates 
have,  with  interpretation,  been  accepted  by  the  writer.  Then,  in  com- 
puting the  candle  power  for  the  companies,  which  make  no  return  of 
these  data,  the  same  kind  of  lamps  are  assumed  to  have  the  same  candle 
power  as  in  the  municipal  plants.  Hence  any  errors  will  be  about  evenly 
distributed  between  the  two  groups.  Needless  to  say,  the  real  candle 
power  depends  upon  a  number  of  conditions  which  it  is,  under  the  circum- 
stances, impossible  for  us  to  evaluate.  So  far  as  the  incandescents  are 
concerned,  the  figures  are  a  close  approximation;  but  arc  lamps  are  prob- 
ably much  overrated.  It  is,  therefore,  safe  to  say  that  the  per  capita 
candle  power  here  given  is  somewhat  too  high. 
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In  which  of  these  groups  of  plants  the  inhabitants  are 
the  better  served  by  their  street  Hghts  could  probably  be 
decided  only  after  a  period  of  residence  in  each  locality. 
It  may  be  that,  as  a  result  of  more  skillful  engineering,  the 
companies  are  really  serving  the  people  more  adequately 
with  fewer  lamps.  And  it  may  very  probably  be  true  that 
in  the  closely  populated  portion  of  the  cities  and  towms  the 
fer  capita  service  is  identical.  This  supposition  could  be 
verified  only  by  finding  the  relations  between  the  number 
of  inhabitants,  extent  of  territory,  and  number  of  street 
lamps,  in  the  business  and  residential  sections  of  the  places 
under  consideration.  And,  furthermore,  condition  and 
width  of  streets,  color  of  pavements  and  sidewalks,  arrange- 
ment, height  and  color  of  buildings,  amount  of  foliage, 
local  topography,  and  character  of  the  business  engaged 
in,  all  play  an  important  part  in  determining  the  needful 
number  of  street  lights,  even  if  w^e  grant  that  the  engineer- 
ing skill  is  the  same  in  either  group  of  plants.  However, 
the  local  survey  made  has  convinced  the  writer  that  the 
companies,  by  virtue  of  their  contracts,  are  forced  to  give 
far  more  careful  attention  to  the  problem  of  street  lighting, 
than  do  the  public  plants. 

Waiving  the  engineering  aspects  of  the  case,  the  records 
are  for  the  most  part  definite  regarding  the  quantity  of 
service  rendered  by  the  street  lamps  in  both  groups.  The 
average  daily  number  of  lamps  in  use,  as  would  be  expected, 
varies  little  from  the  actual  number.  The  average  nmnber 
of  nights'  use  per  month  is  practically  the  same  in  both 
cases,  being  30  nights  for  the  municipalities  and  29.7  for 
the  companies.  The  increase  has  naturally  been  more 
rapid  for  the  latter  as  they  showed  a  relatively  lower  figure 
five  years  earlier.  However,  numerically  weighted,  the 
average  number  of  hours'  use  of  lamps  per  night  is  consid- 
erably lower  for  the  companies  (7.8  hours)  than  for  the 
municipalities  (9.1  hours),  though  the  rate  of  increase 
during  the  period  has  been  much  more  rapid  for  the  former 
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(16.9  per  cent)  than  for  the  latter  (5.8  per  cent).^  If  we 
should  eliminate  from  the  companies  the  lights  which 
are  operated  in  foreign  localities,  constituting  about  one 
eighth  of  the  total  and  burning  for  the  most  part  on  short 
schedules,  their  average  number  of  hoiu*s'  use  per  night 
would  be  somewhat  increased. 

But  it  would  be  foreign  to  our  purposes  to  discuss  at 
greater  length  the  more  technical  aspects  of  the  problem. 
The  accompanying  table  (Table  £2)  sums  up  some  inter- 
esting computations  regarding  the  street  lamps  in  the  two 
groups  of  plants  (Holyoke  being  excluded). 

Table  22.  Steket  Lighting  Data  (Generating 
Plants,  1915) 

Companies       Municipalities 

Total  number  of  lamps 11.511  11,621 

(Lamps  in  other  places) (1,407)  (633) 

Total  number  of  lamps  actually  in  use 10,783  11,341 

(Lamps  in  other  places) (1,281)  (614) 

Average  wattage  of  lamps 88  87 

Average  C.P.  of  lamps 170  (?)        147  (?) 

Per  capita  wattage S.6  4.7 

Per  capita  C.P 6.4  8.0 

Current  consumed  per  lamp  (K.W.H.) 324 . 0  313 . 0 

Current  consumed  per  capita  (K.W.H.) 12.2  18. 1 

Number  of  nights  in  use  per  month 29 . 7  30 . 0 

Number  of  hours  in  use  per  night 7.6  9.1 

Number  of  inhabitants  served  by  one  lamp ....  24 . 8  18.1 

Number  of  commercial  customers  to  one  lamp.  2.1  1.6 

Length  of  street  lines  per  capita  (ft.) 25  29 

Length  of  street  lines  per  lamp  (ft.) 617  611 

Length  of  street  lines  per  customer 303  329 

Length  of  streets  with  overhead  lines  (commer- 
cial and  street)!  per  lamp 436  299 

*  Commercial  and  street  lighting  cannot  be  separated. 

'  The  lack  of  correspondence  between  the  average  number  of  hours' 
use  per  night,  as  here  computed  from  the  annual  returns  of  the  various 
plants,  and  the  number  of  hours'  daily  use  of  the  connected  street 
lighting  load,  as  computed  in  the  preceding  table  (10.4  hours  for  the 
public  plants  and  9.4  for  the  other  group),  must  not  mislead  the  reader. 
This  considerable  difference,  amounting  to  1.3  hours  for  the  former  and 
1.8  hours  for  the  latter,  can  be  accounted  for  in  several  ways.  First,  in 
the  present  calculation  the  lamps  are  not  weighted  according  to  their 
wattage,  but  according  to  their  number.  As  most  of  the  higher  wattage 
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7.  Lines,  Poles,  and  Tbajjsformers  * 

The  companies  in  1910  served  only  14  foreign  localities, 
while  by  1915  they  had  extended  their  service  to  7  addi- 
tional places.  Likewise  the  municipalities  extended  their 
service  to  4  other  municipalities  during  the  same  period. 
Yet,  even  if  from  the  list  of  companies  we  omit  Buzzard's 
Bay,  which  was  just  beginning  operation  at  the  earlier 
date,  and  which  has  since  then  taken  4  other  towns  into 
its  district  served,  we  still  find  that  the  increase  shown  by 
the  latter  in  length  of  lines  and  number  of  poles  is  aston- 
ishingly greater  than  that  of  the  former.  Even  more  strik- 
ing is  the  rate  of  increase  of  streets  with  overhead  lines  in 
the  case  of  the  companies. 

The  commercial  lines  for  both  light  and  power  service 
—  and  they  are  usually  not  separated,  as  practically  no 
direct  current  is  used  —  compose  69  per  cent  of  the  total 
in  the  companies  and  62  per  cent  in  the  municipalities. ^ 
The  total  increase  of  lines  during  the  period  was  for  the 
former  87.3  per  cent  (73  if  Buzzard's  Bay  be  omitted),  and 
for  the  latter  60  per  cent.  In  the  separate  classes  of  service, 
the  increase  in  length  of  commercial  lines  was  115.2  per 
cent  for  the  companies  and  only  76.4  per  cent  for  the 
municipalities,  in  spite  of  the  fact  that  even  at  the  earUer 
date  their  commercial  lines  per  customer  were  11  per  cent 

lamps  were  in  operation  for  the  longer  interval,  this  would  be  almost 
sufficient  to  account  for  the  difference.  Again,  there  are  certain  losses 
between  the  place  where  the  current  is  metered  and  the  lamp  terminal, 
which,  since  they  could  not  be  eliminated  in  computing  the  table,  would 
make  the  kilowatt  hours'  consumption  per  kilowatt  connected  load  some- 
what higher  than  in  reality  it  is.  This,  in  turn,  would  make  the  number 
of  hours'  use  per  day  too  high.  Finally,  there  are  doubtless  numerous 
errors  in  the  returns  regarding  the  number  of  hours'  use  of  lamps  per 
night,  and  we  know  nothing  definite  about  the  "outages." 

^  Appendix,  pp.  420-422. 

^  Needless  to  say  the  line  data  are  probably  far  from  accurate  in  both 
groups  of  plants,  doubtless  being  less  accurate  for  the  municipalities;  but 
there  is  no  reason  for  supposing  that  the  group  averages  will  fail  to  show 
the  true  relations  between  the  two. 
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longer  than  those  of  the  public  plants.  The  street  lighting 
lines,  also,  have  increased  47.4  and  38.7  per  cent  respec- 
tivelv.  Omitting  Buzzard's  Bav,  we  find  that  the  rate  of 
increase  of  street  lines  has  been  practically  the  same  in 
both  cases,  while  that  for  the  commercial  lines  is  still  more 
than  20  per  cent  ahead  of  the  company  rate.  But  there 
seems  to  be  no  good  reason  for  leaving  out  this  plant,  for 
it  merely  presents  a  case  of  unusually  rapid  growth  from 
small  beginnings. 

The  length  of  streets  with  overhead  lines  has  increased 
almost  twice  as  rapidly  for  the  companies,  65.3  per  cent 
as  opposed  to  37.4  per  cent  in  the  pubHc  plants.  Also  it 
appears  that  there  are  4.6  miles  of  hne  to  one  mile  of  over- 
head in  the  companies,  and  4.1  to  each  mile  in  the  public 
plants.  In  1910  the  ratios  were  respectively  4  and  3.6. 
These  and  the  foregoing  data  serve  to  show  that  the 
companies  have  not  only  been  extending  their  facilities 
far  more  hberally  than  have  the  other  group,  but  also 
that  they  have  probably  derveloped  their  territory  some- 
what better. 

This  development  becomes  still  more  clear  when  we  com- 
pare the  relations  between  length  of  lines,  number  of  cus- 
tomers, and  inhabitants  of  districts  ser\-ed.  So  far  as  the 
street  lines  are  concerned,  there  has  been  a  considerable 
per  capita  growth  in  both  cases,  but  more  marked  for  the 
municipalities.  Absolutely,  the  latter  are  still  in  the  lead, 
with  29  feet  per  capita  as  compared  \s-ith  24  feet  in  the 
companies.  E\-idently  the  public  plants  have  been  devel- 
oping their  street  Hghting  with  greater  zeal  than  their 
commercial  business. 

It  is,  howe\-er,  the  commercial  lines  that  most  concern 
us,  and  here  we  find  that  the  length  per  customer  has  de- 
creased 7.3  per  cent  for  the  municipaHties,  and  has  in- 
creased 6  per  cent  for  the  other  group,  or  has  remained 
almost  stationary  if  Buzzard's  Bay  be  omitted.  Accord- 
ingly, the  length  of  lines  per  customer  is  26.5  per  cent 
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greater  in  the  companies  (C78  feet)  than  in  the  public 
plants  (536  feet,  or  471  including  Holyoke).  In  other 
words,  the  number  of  customers  per  mile  of  line  has  been 
increasing  for  the  latter  group,  from  9.13  to  9.85,  or  7.9 
per  cent,  and  decreasing  for  the  former,  from  8.25  to  7.80, 
or  5.5  per  cent.  Had  we  no  other  data  at  our  command, 
the.se  figures  might  seem  to  make  a  bad  showing  for  the 
companies,  since  they  would  appear  to  indicate  that  the 
territory  served  is  not  being  so  well  developed.  But,  when 
we  know  that  the  area  served  by  them  is  much  greater, 
that  their  lines  have  been  extended  more  rapidly,  and  that 
the  rate  of  increase  of  their  customers  has  also  been  faster 
than  in  the  other  group,  it  becomes  evident  that  such  is 
not  the  case.  In  fact,  the  opposite  would  seem  to  be  true. 
Yet  the  condition  indicates  that  there  has  been  a  much 
larger  investment  in  lines  per  customer  in  the  companies, 
which,  other  things  being  equal,  would  be  reflected  in  higher 
charges  for  serA-ice.  This  aspect  of  the  subject  will  be  dealt 
with  in  the  following  chapter. 

Again,  it  is  instructive,  though  not  conclusive,  to  note 
that  the  number  of  inhabitants  per  mile  of  overhead  hnes 
(both  commercial  and  street)  has  decreased  only  17.6  per 
cent  for  the  municipahties,  from  Si'i  to  267,  while  the 
decrease  for  the  other  group  has  been  from  433  to  301,  or 
30.5  per  cent.  Also,  the  number  of  customers  per  mile  of 
overhead  is  24.8  in  the  public  plants  and  24.7  in  the  com- 
panies. The  first  set  of  figures  indicates  an  extension  of 
lines  more  rapid  than  the  growth  of  population,  particu- 
larly on  the  part  of  the  private  plants,  which  are  now  e\'i- 
dently  as  well  equipped  to  sers-e  their  far  more  extensive 
territory'  as  are  the  municipal  plants.  The  small  per  capita 
advantage  in  favor  of  the  latter  is  to  be  expected  in  view 
of  the  more  restricted  area  sers'ed. 

It  may  be  argued  by  some  that  the  greater  relative  length 
of  lines  in  the  companies  is  due  to  the  fact  that  they  have 
failed  to  write  off  their  "dead"  -wire.  The  data  studied  for 
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only  one  year  might  seem  to  confirm  this  supposition.  But, 
having  found  so  marked  a  growth  during  the  five-year 
period,  both  in  lines  and  in  streets  with  overhead  lines,  the 
writer  puts  little  credence  in  this  theory.  The  facts,  so  far 
as  discoverable,  all  refute  this  contention. 

Finally,  before  leaving  the  subject  of  lines,  attention 
must  be  directed  to  another  striking  development  found 
in  the  companies  and  not  met  with  in  the  municipal  plants, 
namely,  the  increasing  utihzation  of  underground  construc- 
tion. In  1910  our  group  of  private  plants  returned  a  total 
of  3.5  miles  of  conduits,  with  4.2  miles  of  cable,  which  in 
1915  had  increased  to  21.1  miles  of  conduit,  with  123.3 
miles  of  cable  therein.  By  far  the  greater  portion  of  this 
underground  construction  is  accounted  for  by  the  two 
companies  of  Beverly  and  Gloucester.  The  municipal 
return  forms  do  not  even  provide  a  place  for  recording  the 
length  of  conduits,  and,  so  far  as  the  writer  is  informed, 
none  of  these  plants,  with  the  exception  of  Holyoke,  which 
boasts  several  thousand  feet,  have  any  underground  con- 
struction whatever.  Owing  to  the  high  cost  of  such  con- 
struction we  would  naturally  expect  an  investment  in  lines 
relatively  much  greater  for  the  companies. 

We  find  the  same  interesting  development  in  the  number 
of  poles,  the  increase  for  the  companies  being  76.2  per  cent 
and  for  the  public  plants  only  28.7  per  cent,  commensurate 
with  their  increase  in  overhead.  If  Buzzard's  Bay  be  de- 
ducted, the  former  increase  becomes  61.6  per  cent.  Further- 
more, there  are  a  few  poles  "jointly  owned"  reported  by 
the  private  plants  and  a  few  "rights  of  attaching,"  which 
are  customarily  charged  against  the  capital  account  and 
may  in  a  very  literal  sense  be  regarded  as  part  of  their 
property.  Even  when  all  of  these  are  deducted,  we  still 
find  that  the  increase  in  number  is  more  than  twice  as 
rapid  for  the  companies  as  for  the  municipalities.  At 
present  twice  as  many  poles  per  plant  are  owned  by  the 
former  as  by  the  latter.  Also,  the  reported  number  of  poles 
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per  mile  of  line  is  found  to  be  10.4  for  the  private  plants 
and  7.8  for  the  others,  while  the  number  of  poles  per  mile 
of  overhead  is  47.5  and  35  respectively."^ 

What  is  the  meaning  of  this  marked  discrepancy?  It 
is,  to  be  sure,  partially  a  result  of  the  more  conservative 
extension  policy  of  the  public  plants.  However,  it  is  more 
largely  accounted  for  by  the  fact  that  they  are  attaching 
their  wires  to  every  support  available,  to  telephone  and 
telegraph  poles,  to  street  railway  poles,  and  to  trees,  —  and, 
by  the  way,  the  latter  fact  may  account  in  some  mea- 
sure for  their  greater  loss  of  current  in  distribution.  While 
three  companies  report  a  comparatively  small  number  of 
jointly  owned  poles,  and  two  plead  guilty  of  using  a  few 
hitches  on  trees,  13  out  of  17  municipalities  report  the  use 
of  foreign  poles,  not  to  mention  trees.  Of  this  number,  5 
give  definite  figures,  and  8  simply  state  that  they  use  for- 
eign supports  whenever  possible  or  that  they  do  not  know 
the  number.  And,  furthermore,  they  neither  pay  rental 
for  the  privilege  of  attaching,  with  the  one  exception  of 
Concord,  nor,  so  far  as  the  writer  can  discover,  have  they 
ever  entered  any  charge  against  their  capital  account.  It 
is  pure  gain  for  the  municipalities,  resulting  from  the  pro- 
visions of  the  franchises  which  they  have  granted.  In  a 
test  case  the  Supreme  Court  of  the  State  has  upheld  the 
practice  as  being  within  the  "police  power  "  of  the  muni- 
cipalities. ^  But,  while  they  can  secure  this  free  service 
ad  libitum  and  so  save  a  large  capital  investment,  they  are 
at  perfect  liberty  to  rent  their  own  poles,  and  four  of  them 
report  a  goodly  income  from  this  source  during  the  year. 
On  the  other  hand,  while  the  mayor  and  aldermen  or  the 

^  The  returns  are  probably  inaccurate  on  this  point,  in  many  cases, 
and  it  may  be  that  some  of  the  companies  have  claimed  as  their  own,  poles 
which  do  not  really  belong  to  them.  There  is,  however,  not  much  reason 
for  thinking  the  errors  are  greater  for  the  private  plants  than  for  the 
public. 

2  Postal  Telegraph  Cable  Company  of  Massachusetts  vs.  City  of  Chico 
pee,  207  Mass.  341.  Cf.  also  Mass.  R.L.,  xxv:  52. 
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selectmen  may  grant  a  private  concern  the  privilege  of 
attaching  wires  to  the  poles  of  other  private  concerns  or 
to  the  municipal  poles,  it  is  understood  that  a  reasonable 
compensation  shall  be  paid  therefor.^ 

Finally,  the  rate  of  increase  in  number  of  line  trans- 
formers has  been  practically  the  same  for  both,  44.8  per 
cent  in  the  pubhc  plants  and  41,2  per  cent  in  the  companies, 
while  the  number  of  customers  per  transformer  is  also  the 
same,  6,4  and  6,3  respectively,  —  a  condition  which  obvi- 
ously may  suggest  similar  line  engineering.  Aside  from  the 
mere  mention  of  the  fact  that  practically  all  of  the  service 
is  now  metered,  even  the  contract  service,  it  is  not  worth 
while  to  study  the  subject  of  meters,  which  may  or  may  not 
coincide  with  the  number  of  customers,  (On  the  subject 
of  transformers  the  reader  is  referred  to  the  above  discus- 
sion of  current  unaccounted  for,) 

8.  Physical  Statistics  of  Purchasing  Plants  ^ 

The  more  important  physical  features  of  our  group  of 
purchasing  plants  will  be  reviewed  but  briefly,  since,  for 
reasons  which  have  already  been  considered,  it  does  not 
seem  worth  our  while  to  attempt  any  comparisons  with 
the  year  1910.  So  far  as  the  output  of  current  is  concerned, 
practically  the  same  relations  are  found  in  this  group  as  in 
the  group  of  generating  plants.  The  companies  purchase 
on  the  average  266,715  kilowatt  hours,  about  70  per  cent 
more  than  the  average  public  plant  (157,173  K.W.H,). 
Norwood  is  omitted  from  the  general  comparison  for  the 
same  reason  that  Holyoke  was  omitted  from  the  other 
group.  No  load  factor  analysis  has  been  attempted  be- 
cause, as  has  previously  been  stated,  the  municipal  plants, 
with  only  two  or  three  exceptions,  return  no  data  which 
would  enable  the  computation  to  be  made.  For  the 
8  companies  which  give  some  meager  information  regarding 

1  Mass.  R.  L.,  xxv:  52;  and  1911,  ch.  509,  sect.  2.  See  ch.  xi,  p.  306, 

2  Appendix,  pp.  460-465. 
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their  peak  load,  it  appears  that  the  average  load  factor  is 
probably  about  20.  It  will  naturally  run  somewhat  lower 
for  the  municipal  plants,  as  their  power  business  is  propor- 
tionally smaller. 

In  the  matter  of  distribution  efficiency  the  public  plants 
have  some  advantage,  inasmuch  as  their  current  used  at 
station  and  unaccounted  for  is  only  22.7  per  cent  of  the 
total  output,  while  that  of  the  companies  is  24.5  or  pro- 
portionately 8  per  cent  higher.  This,  however,  is  not  in 
itself  a  very  significant  difference,  and  can  probably  be 
largely  accounted  for  by  the  fact  that  the  public  plants 
have  in  general  a  much  newer  distributing  system. 

Upon  an  examination  of  the  average  size  of  transformers 
and  the  distribution  of  the  different  sizes,  it  appears  that 
the  municipal  plants  have  an  average  of  only  3  K.W., 
which  is  far  below  the  companies'  average  of  5.60  K.W. 
Also,  slightly  more  than  half  of  the  transformers  of  the 
former  (51.9  per  cent)  are  of  the  1  K.W.  size  or  under, 
while  less  than  one  fourth  (22.5  per  cent)  of  the  total 
number  of  the  latter  are  so  small.  The  table  shows  these 
relations: 

Table  23.  Transformer  Data  (Purchasing  Plants,  1915) 


Clcus  qf  plant 

Average 

size 
{K.W.) 

Percentage  distribution  of  the  difererd  sizes  af  line 
transformers 

IK.W. 
or  lets 

1+to 
SK.W. 

3+ to 
SK.W. 

6+ to 
10  K.W. 

Over 
10  K.W. 

Municipal 

3.00 
5.60 

51.9 

22.5 

24.1 

28.4 

12.2 
24.0 

7.3 
14.0 

4.3 

Company 

11.3 

Other  things  being  equal,  we  would  accordingly  expect 
to  find  a  considerably  smaller  amount  of  current  unac- 
counted for  in  the  companies.  But  it  must  be  remembered 
that,  inasmuch  as  these  plants  are  much  older  than  the  other 
group,  their  transformers  may  be  in  many  cases  antiquated. 
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As  might  be  expected  under  the  circumstances,  the 
private  plants  have  a  marked  advantage  in  the  extent  of 
their  power  business.  They  sell  more  than  twice  as  great 
a  percentage  for  this  purpose  (31.3  per  cent  of  the  total 
sales)  as  do  the  other  group  (13.0  per  cent).  It  is  absolutely- 
certain,  however,  that  the  municipal  returns  are  hopelessly 
inaccurate  on  this  point.  Four  report  power  customers  and 
no  motors,  one  reports  customers  and  no  sales,  and  one 
(Shrewsbury)  returns  60  customers,  60  motors,  and  sales 
to  the  extent  of  2,113  kilowatt  hours!  With  the  exception 
of  the  Norwood  plant,  which  is  in  a  manufacturing  center, 
and  Wellesley,  which  sells  a  considerable  quantity  of  cur- 
rent to  its  water  department,  most  of  the  public  plants 
seem  to  have  a  comparatively  small  opportunity  to  develop 
a  good  power  business.  The  chief  function  of  the  majority 
of  this  group  seems  to  be  to  light  the  streets  and  supply 
the  residences. 

It  is  somewhat  surprising  to  find  that  the  number  of 
kilowatt  hours  supplied  'per  capita  is  36.8  in  the  companies 
and  45.5,  or  24  per  cent  higher,  in  the  municipal  plants. 
This  is  an  unusually  good  showing  for  the  latter,  since  the 
density  of  population  in  the  territory  served  by  them 
(136.7  per  square  mile)  is  conspicuously  less  than  that  of 
the  territory  served  by  the  other  group  (218.2).  There 
seems  to  be  no  denying  the  fact  that  they  have  developed 
their  trade  in  a  remarkable  manner,  considering  how 
recently  they  have  entered  the  field.  It  is  also  interesting 
to  note  that  the  per  capita  consumption  of  current  for 
street  lighting  is  nearly  twice  as  great  in  the  public  plants 
(14.2  K.W.H.)  as  in  the  private  plants  (7.8  K.W.H.),  while 
their  per  capita  power  sales  (6.3  K.W.H.)  are  little  more 
than  half  those  of  the  latter.  But,  as  intimated,  these  last 
figures  are  probably  somewhat  too  low  for  the  municipal 
plants. 

Though  the  companies  do  a  two  thirds  larger  business 
than  the  other  group,  they  have  only  30  per  cent  more 
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customers  (376  as  compared  with  289).  This  of  course 
suggests  larger  sales  per  customer,  which  we  find  to  be 
410  kilowatt  hours,  or  about  50  per  cent  higher  than  the 
sales  of  the  municipal  plants  (280  K.W.H.),  including,  of 
course,  only  the  light  and  power  sales.  It  appears  that  in 
each  group  the  ratio  of  power  customers  to  light  customers 
is  practically  the  same  —  5.4  per  cent  in  the  public  plants 
and  5.2  per  cent  in  the  companies.  The  quantity  of  current 
used  for  light  per  customed  is  224  hours  in  the  former  and 
250  in  the  latter,  while  the  average  power  sold  per  customer 
is  respectively  1087  (only  724  if  the  Wellesley  waterworks, 
which  accounts  for  one  third  of  the  total,  be  omitted)  and 
S,306  kilowatt  hours.  Probably  the  figure  for  the  former 
would  be  somewhat  higher  than  here  given,  were  it  not  for 
the  fact  that  a  portion  of  the  current  sold  for  power  is  not 
separated  from  the  commercial  lighting  sales.  Also  the 
municipalities  seem  to  have  reported  as  power  customers 
some  who  have  no  motors  and  are  using  only  those  appli- 
ances which  would  ordinarily  be  classed  with  the  lighting 
load. 

Finally,  the  ratio  of  customers  to  inhabitants  of  the 
district  served  is  only  6.9  per  cent  in  the  companies  and 
about  60  per  cent  higher,  10.8  per  cent,  in  the  public  plants. 
This  is  surely  an  excellent  showing  for  the  latter,  in  view 
of  the  fact  that  their  population  is  more  scattering  than 
that  of  the  other  group,  even  though  their  area  is  not  quite 
so  extensive  (19.6  square  miles  as  opposed  to  25.8  for  the 
companies). 

The  accompanying  table  explains  the  more  significan? 
relations  which  exist  between  the  connected  loads  of  the 
two  groups,  though,  to  be  sure,  with  the  exception  of  the 
street  lighting  data,  the  figures  must  be  taken  with  cau- 
tion. Probably  the  inaccuracies  are  about  as  great  in  one 
case  as  in  the  other.  At  any  rate  the  per  capita  showing 
seems  to  be  markedly  better  for  the  municipal  plants.  This, 
together  with  the  fact  that  their  sales  per  customer  are 
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much  lower  than  in  the  private  plants,  indicates  that  their 
entire  territory  is  more  adequately  supplied.  It  might  also 
lead  us  to  expect  higher  charges  for  service,  because  of  the 
greater  expense  involved.  The  power  load  of  the  public 
plants,  so  far  as  developed,  seems  to  be  about  as  satisfac- 
tory as  that  of  the  other  group. 

Table  24.    Connected  Load  Data  (Purchasing 
Plants,  1915) 

Companies  Municipal 

Average  per  plant  (K.W.) 520.0  390.5 

Per  capita  (watts) 89  122 

Street  lighting  load  per  capita  (watts) 2.3  5.5 

Per  customer  (K.W.) 

Light 0.914  1.000 

Power 7.600  2.470 

Average  number  of  motors  per  plant ....  38  19 

Average  size  of  motors  per  plant  (K.W.)  3 .  830  2 .  260 
Consumption  of  current  (K.W.H.)  per  kilowatt 
connected  load 

Total 416  357 

Commercial  lighting 273  237 

Power 434  400 

Street  lighting 3491  2615 

It  is  further  interesting  to  observe  that,  while  the  con- 
nected street  lighting  load  per  capita  is  almost  two  and 
one  half  times  as  great  for  the  municipal  plants  as  for  the 
companies,  the  consumption  of  current  per  connected  load 
(2,615  K.W.H.)  is  only  about  three  fourths  as  high  as  in 
the  other  group  (3,491  K.W.H.).  This  simply  indicates 
that  while  the  former  are  better  supplied  with  lamps,  they 
are  not  using  them  on  the  average  so  many  hom-s  per 
night.  The  data  here  computed  would  indicate  an  average  of 
7.2  hours  use  per  night  for  every  night  in  the  year,  in  the 
public  plants,  and  9.6  hours  per  night  in  the  private  plants. 

A  study  of  the  distributing  system  of  the  two  groups  is 
particularly  instructive.  The  average  length  of  lines  per 
public  plant  is  72.9  miles,  slightly  higher  than  that  of  the 
other  group,  68.7,^  but  the  length,  per  plant,  of  streets 

1  If  Manchester  be  omitted,  since  all  of  its  construction  is  under- 
ground, the  length  becomes  71.6  miles. 


« 
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with  overhead  Hnes  is  almost  50  per  cent  greater  in  the 
former  (21.4  miles)  than  in  the  latter  (14.8  miles).  It  natu- 
rally follows  that  the  miles  of  line  per  mile  of  overhead  are 
less  in  the  former  (3.6)  than  in  the  latter  (4.6).  The  num- 
ber of  people  per  mile  of  streets  with  overhead  is  139  in 
the  municipal  plants  and  370  in  the  companies.  Obviously 
the  former  have  made  a  much  more  effective  attempt  to 
serve  their  territory  than  have  the  other  group. 

Upon  separating  the  street  lighting  lines  from  the  com- 
mercial lines,  we  find  that  these  constitute  31.4  per  cent 
of  the  total  length  in  the  companies  and  34.3  per  cent  in 
the  municipal  plants,  or,  on  the  average,  23  and  29.4  miles 
per  plant  respectively.  This  indicates  that  the  latter  are 
showing  just  as  much  zeal  in  the  development  of  their 
commercial  business  as  are  the  private  plants.  But,  while 
the  length  of  the  street  lighting  lines  per  capita  is  in  the 
companies  only  21  feet,  it  is  in  the  other  group  52  feet! 
Obviously  the  little  municipalities  are  intending  to  light 
themselves  at  any  cost!  Furthermore,  the  length  of  com- 
mercial lines  per  customer  is  in  the  case  of  the  companies 
660  feet,  and  in  the  public  plants  880  feet.  In  other  words, 
there  are  8  customers  per  mile  of  line  in  the  one  and  only 
6  in  the  other. 

The  number  of  poles  is  794  per  plant  for  the  municipali- 
ties and  792  for  the  companies.  The  number  per  mile  of 
overhead,  however,  is  only  37  in  the  former  and  54  in  the 
latter.^  But  the  number  per  mile  of  line  is  exactly  the  same, 
11,  in  each  case.  Hence  it  would  appear  that  the  com- 
panies are  building  a  more  substantial  line  construction 
and  probably  own  a  larger  proportion  of  their  poles. 

Practically  all  of  these  data  indicate  that  the  actual 
investment  in  physical  equipment  for  the  sake  of  serving 
the  customeKS  would,  other  things  being  equal,  be  much 
greater  in  the  municipal  plants  than  in  the  companies,  — 
a  fact  which  mider  private  management  would  lead  us  to 

1  Manchester  omitted. 
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expect  higher  rates,  since  their  load  factor  is  apparently 
poorer.  From  the  statistical  point  of  view,  at  any  rate,  it 
appears  to  be  demonstrated  beyond  a  doubt  that  the 
public  plants  have  had  a  more  difficult  territory  to  serve 

—  a  territory  which  did  not  attract  private  enterprise  — 
and  have  developed  that  territory  remarkably  well.  They 
appear  to  have  made  a  far  better  showing  with  less  oppor- 
tunity than  have  the  corresponding  group  of  companies. 
Here,  apparently,  is  a  complete  reversal  of  the  situation 
which  was  found  in  the  group  of  generating  plants,  of 
which  more  mention  will  be  made  presently. 

While  little  reference  has  been  made  to  the  municipal 
plant  of  Norwood,  it  may  be  stated  briefly  that,  so  far  as 
our  study  has  gone,  it  has  done  unusually  well.  This  good 
record  can  be  attributed  to  three  causes:  (1)  As  in  the  case 
of  Holyoke,  it  serves  a  compact  and  densely  populated 
territory  (10.47  square  miles),  to  which  its  business  has 
been  confined.   (2)  It  is  in  an  active  manufacturing  center, 

—  more  than  half  of  its  current  is  sold  for  power  purposes. 
And  (3)  due  to  the  influence  of  certain  public  spirited  citi- 
zens, the  electric  plant,  as  well  as  all  of  the  municipal 
affairs,  has  recently  been  managed  remarkably  well. 

9.  Extent  of  Territory,  Roads,  and  Population  '^ 

In  a  study  of  this  sort  it  would  be  highly  instructive  to 
know  the  exact  area  of  the  territory  actually  served  by 
each  group  of  plants,  as  well  as  the  density  of  population 
of  that  area,  and  the  length  of  roads.  Certain  significant 
relations  could  thus  be  worked  out  regarding  the  develop- 
ment of  the  district  served.  Some  attempt  has  already 
been  made  in  this  investigation  to  deduce  such  relations, 
based  on  the  total  number  of  inhabitants  in  each  city  and 
town  and  the  total  inhabitable  areas.  The  results  are  val- 
uable as  showing  certain  general  tendencies.  They  must, 
however,  be  taken  with  a  good  deal  of  caution. 
1  Appendix,  pp.  404-405,  423. 
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It  is  absolutely  impossible  to  secure  exact  data  on  these 
points.  Only  within  the  last  year  has  the  actual  area  of  the 
State  of  Massachusetts  been  known,  and  not  until  a  short 
time  ago  (in  1916)  was  it  possible  to  find  out  the  net  land 
areas  of  the  various  municipalities.  Nor  are  these  figures 
at  present  published  or  in  process  of  being  published.  The 
writer  has  ferreted  them  out  of  the  archives  of  the  Massa- 
chusetts Waterways  and  Public  Lands  Commission  (for- 
merly the  Board  of  Harbor  and  Land  Commissioners),  and 
has  made  his  own  computations  therefrom. 

A  city  or  town  in  Massachusetts  may  extend  over  a  very 
considerable  territory,  while  its  population  may  be  con- 
centrated in  one  small  portion  of  that  area.  On  the  other 
hand,  notably  in  the  smaller  towTis,  the  inhabitants  may 
be  more  evenly  distributed  throughout  the  entire  district. 
We  should  have  some  means  of  distinguishing  business 
and  residential  sections  from  purely  rural  districts,  as  to 
area,  population,  and  length  of  roads.  If  the  acreage  of  all 
"agricultural"  lands  had  been  correctly  reported  in  the 
State  Census  of  1905,  if  there  had  been  little  change  in  this 
acreage  since  then,  and  if  the  total  assessed  acreage  of  each 
municipality,  as  at  present  reported  to  the  Tax  Commis- 
sioner, were  accurate,  it  would  be  possible,  by  subtracting 
the  one  from  the  other,  to  find  the  urban  areas  with  suffi- 
cient accuracy  for  om-  purposes,  particularly  in  the  case 
of  the  plants  which  do  no  business  in  foreign  localities. 
Upon  comparison,  however,  the  discrepancies  have  been 
found  to  be  so  great  that  this  method  is  out  of  the 
question. 

The  statistics  of  agriculture  in  Massachusetts,  compiled 
by  the  Federal  Census  Bureau  as  of  April  15,  1910,  would, 
if  correct,  give  us  the  areas  desired.  The  farm  acreage 
reported,  however,  is  in  many  cases  merely  an  estimate,^ 
and,  besides,  only  totals  for  counties  are  given.    To  find 

1  Abstract,  U.S.  Census,  1910  (with  Supplement  for  Massachusetts): 
613,  628-631. 
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the  data  for  our  particular  groups  of  municipalities  would 
necessitate  the  enormous  and  probably  fruitless  task  of 
working  over  aU  of  the  raw  material  on  which  the  census 
was  based. 

Probably  the  only  satisfactory  way  to  secure  these  data 
is  to  visit  the  localities  studied,  and  from  the  plans  kept 
by  the  municipal  authorities,  when  there  are  such,  com- 
pute the  areas  in  question,  and  determine  the  length  of 
roads.  Nor,  in  the  case  of  the  smaller  towns,  would  even 
these  figures  be  v/orth  much,  for  electrical  service  is  fre- 
quently extended  far  into  the  rural  districts.  The  Massa- 
chusetts State  Forester  is  at  present  engaged  upon  just 
such  a  survey  as  v/ould  be  useful  on  this  matter,  and  has, 
to  date,  covered  Worcester  County  and  is  working  on 
Plymouth  County.  But  it  will  be  many  years  before  the 
State  is  covered. 

Again,  the  Massachusetts  State  Highway  Commission, 
for  the  year  1914,  collected  data  regarding  the  length  of 
roads  in  the  separate  cities  and  towns.  As  these  figures 
were  based  largely  on  returns  made  by  the  local  authorities 
they  were  at  first,  in  some  cases,  distressingly  inaccurate. 
The  Commission,  however,  by  carefully  checking  up  the 
returns  with  the  United  States  Geological  Survey  maps 
and  with  other  data  at  their  command,  as  well  as  by  per- 
sonal verification  in  many  instances,  managed  to  correct 
the  more  serious  mistakes,  so  that  the  percentage  of  error, 
according  to  the  chief  engineer  is  certainly  not  greater 
than  10  per  cent.  Yet,  except  to  give  the  estimated  length 
of  improved  and  unimproved  roads  for  the  entire  munici- 
pality, no  data  are  v»^orked  out  which  can  be  of  much  serv- 
ice to  us.  A  crude  approximation  of  the  length  of  roads 
in  the  thickly  settled  districts  could  be  reached  by  going 
over  the  large  Geological  Survey  maps  and  making  com- 
putations by  means  of  tedious  measurements.  As  the 
Director  of  the  Survey  has  informed  the  writer  that  these 
maps  are  twenty  years  old,  and  hence  probably  very  far 
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from  accurate  at  the  present  date,  doubtless  the  results 
thus  secured  would  still  be  unsatisfactory. 

Taking  the  totals  as  we  find  them,  it  is  instructive  to 
note  that  the  average  land  area  of  the  districts  served  by 
the  generating  companies  is  58.94  square  miles,  or  136  per 
cent  greater  than  that  served  by  the  public  generating 
plants  (24.81  square  miles) ,  If,  however,  the  foreign  locali- 
ties be  eliminated  in  each  case,  the  averages  become  respec- 
tively 30.67  and  21.39  square  miles,  the  companies  still 
being  43.4  per  cent  in  the  lead.  In  the  purchasing  plants 
there  is  not  so  marked  a  difference,  as  the  area  per  public 
plant  is  19.60  square  miles  and  per  private  plant,  25.06. 
The  greater  area  in  the  latter  is  wholly  accounted  for  by 
the  fact  that  six  foreign  localities  are  served. 

The  average  length  of  roads  of  all  kinds  for  the  municipal 
generating  plants  is  83  miles  and  for  the  corresponding 
companies  172  miles.  The  population  per  mile  of  road  is 
in  the  former  146  and  in  the  latter  only  98.  For  the  pur- 
chasing plants,  on  the  contrary,  the  tables  are  turned. 
While  the  average  length  of  roads  is  66  miles  in  the  com- 
panies and  58  in  the  municipalities,  the  number  of  inhabit- 
ants per  mile  of  road  is  83  in  the  former  and  only  45  in  the 
latter,  if  Norwood  be  omitted.  Under  the  circumstances 
it  is  probably  not  worth  our  while  to  work  out  any  rela- 
tions between  amount  of  business  done  and  length  of  lines 
on  the  one  hand,  and  areas  of  districts  served  and  length 
of  roads  on  the  other  hand,  for  we  know  too  little  about 
the  distribution  of  service  in  the  individual  plants. 

Regarding  the  separation  of  rural  and  urban  population 
similar  difficulties  as  above  outlined  present  themselves. 
As  the  United  States  Census  classes  all  places  with  less 
than  2,500  population  as  rural, ^  the  data  there  found  are 
of  absolutely  no  use  in  the  study  of  our  towns  and  cities, 
owing  to  the  peculiar  meaning  attached  to  those  terms  in 
Massachusetts.  Country  dwellers  are  not  here  separated 
1  Abstract,  U.S.  Census,  1910:  54. 
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from  those  in  the  thickly  settled  districts.  However,  by 
finding  the  number  of  "farms"  in  each  municipality  (in- 
cluding "general"  farms,  dairy  farms,  egg  and  poultry 
farms,  and  sometimes  market  gardens),  as  given  in  the 
Massachusetts  State  Census  of  1905,  checking  this  number 
up  with  the  number  of  farm  dwellings  then  reported,  and 
assuming  that  there  are  on  the  average  about  4.5  persons 
to  each  inhabited  farm,^  we  can  by  a  process  of  simple  mul- 
tiplication arrive  at  a  rough  approximation  of  the  number 
of  the  rural  population  in  each  case.  Of  course,  some  of 
the  farms  will  be  inhabited  only  in  the  summer,  and  so  our 
figures  will  be  to  that  extent  misleading.  It  might  be  safer 
to  take  only  the  "general"  farms,  as  many  of  the  others 
may  be  practically  part  of  the  "residential  district,"  and 
to  assume  only  4  dwellers  to  each  farm;  but  this  would 
not  have  any  marked  effect  on  our  averages.  There  are 
numerous  methods  of  verifying  the  number  of  persons  per 
farm,  if  we  could  only  be  certain  of  the  number  of  the 
latter  which  are  actually  inhabited  throughout  the  year. 
Yet  the  errors  are  probably  pretty  evenly  distributed  be- 
tween the  two  groups,  though  only  by  a  first-hand  study 
of  each  locality  can  the  exact  conditions  be  determined.^ 

Having  made  the  computations  referred  to,  however, 
assuming  4.5  persons  per  farm,  the  writer  finds  that  the 
total  population  of  the  cities  and  towns  served  by  the 
municipal  generating  plants  (Holyoke  omitted)  is  reduced 
by  11,709,  so  that  the  average  per  plant  becomes  11,424, 
or  5.7  per  cent  less  than  the  former  figure  of  12,113.  For 
the  private  generating  plants  we  would  have  to  deduct 
21,852  or  7.7  per  cent,  which  makes  the  average  15,532, 
instead  of  16,817.   We  would  naturally  expect  this  larger 

1  Abstract,  U.S.  Census,  1910:  260;  and  Mass.  Census,  1905,  iv:  313- 
323,  407-484. 

^  It  would  be  of  some  value  to  go  carefully  over  the  charts  of  the  differ- 
ent enumerators'  districts  as  outlined  by  the  State  Census  Bureau.  In 
the  case  of  the  smaller  towns,  however,  even  this  would  not  give  us  the 
necessary  groupings  of  population. 
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proportion  of  rural  dwellers  in  the  latter  because  of  the 
much  wider  extent  of  territory  served.  Eliminating  the 
foreign  localities,  which  are,  as  a  rule,  not  densely  popu- 
lated, we  find  the  number  of  rural  inhabitants  to  be  about 
equal  in  the  two  groups. 

By  similar  computations  it  appears  that  from  the  total 
number  of  inhabitants  of  the  districts  served  by  the  pur- 
chasing companies  we  must  deduct  10,233,  or  11.7  per  cent, 
so  that  the  average  per  plant  is  reduced  from  5,467  to  4,827. 
The  population  of  the  other  group,  however,  is  decreased 
by  12,037,  or  22.5  per  cent,  until  the  average  per  plant 
falls  to  2,077,  whereas  it  was  2,679.  Though  the  absolute 
decrease  in  number  is  practically  the  same  in  either  case, 
it  is  interesting  to  observe  that  the  percentage  of  coun- 
try dwellers  is  twice  as  great  in  the  districts  served  by 
the  public  purchasing  plants  as  in  the  districts  served 
by  the  other  group.  In  making  all  of  his  computations, 
however,  the  writer  has  used  the  total  population  in  each 
case.  If  the  explanations  just  given  are  borne  in  mind,  it 
hardly  seems  necessary  to  change  the  figures,  certainly  not 
in  the  case  of  the  two  groups  of  generating  plants. 

In  spite  of  the  individual  differences  which  will  naturally 
exist,  it  is  rather  surprising  to  find  the  growth  of  population 
during  the  five-year  period  as  nearly  as  may  be  equal,  14.G 
per  cent  in  the  municipalities  with  generating  plants,  or 
11.8  per  cent  including  Holyoke,  and  14.7  per  cent  in  the 
corresponding  companies.  Having  deducted  the  increase 
in  population  due  to  the  extension  of  service  to  neighboring 
towns,  of  which  there  are  7  in  the  private  plants  and  4  in 
the  public,  we  find  the  rate  of  growth  still  to  remain  prac- 
tically the  same  in  each  case,  though  lowered  to  about  11 
per  cent,  or  to  9.4  per  cent  for  the  pubhc  plants  if  Holyoke 
be  included.  Other  things  being  equal,  this  would  seem  to 
refute  the  arguments  of  those  who  maintain  that  public 
plants,  as  a  result  of  ultra  conservatism,  tend  to  drive 
away  business  and  so  retard  the  growth  of  their  communi- 
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ties.  Yet,  when  we  recall  the  fact  that  the  publicly  owned 
plants  are  for  the  most  part  located  in  places  which  are 
devoted  largely  to  manufacture,  while  the  private  plants 
are  found  mostly  in  residential  districts,  we  might  reason- 
ably ask  why  their  population  has  not  increased  much 
more  rapidly  than  that  of  the  second  group.  It  may  be 
worthy  of  note  that,  on  the  one  hand,  the  manufacturing 
city  of  Holyoke  has  grown  only  5.4  per  cent  in  numbers, 
yi^hile,  on  the  other  hand,  the  semi-residential  city  of 
Quincy  has  had  a  24  per  cent  increase  during  the  same 
period,  in  spite  of  the  fact  that  the  latter  has  a  much  higher 
tax  rate.  This,  however,  may  be  in  large  measure  due  to 
its  close  location  to  Boston. 

Two  of  the  private  generating  plants,  Attleborough  and 
Leominster,  show  a  slight  decrease  in  population  served, 
due  to  the  fact  that  in  each  case  a  small  neighboring  town, 
whose  inhabitants  formerly  secured  their  current  from 
these  companies,  is  now  independently  supplied.  One  of 
these  towns,  Lunenburg,  now  has  a  municipal  plant,  while 
the  other,  Seekonk,  is  served  by  a  private  concern.  A  third 
company,  North  Adams,  shows  a  decrease  of  a  few  inhab- 
itants which  the  writer  is  unable  to  account  for.  Of  the 
similar  group  of  public  plants,  two,  Merrimac  and  North 
Attleborough,  have  also  experienced  some  falling  off  in  the 
number  of  inhabitants  in  their  territory. 

The  groups  of  plants  purchasing  current  show  an  increase 
of  population  served  of  7.3  per  cent  for  the  14  companies 
operating  in  1910,  and  18.3  per  cent  for  the  9  municipal 
plants  operating  at  the  same  date  (or  a  22.3  per  cent 
increase  if  the  manufacturing  town  of  Norwood  be  in- 
cluded). If,  however,  we  omit  Belmont,  which  was  subject 
to  an  abnormal  growth  as  a  result  of  its  proximity  to 
Boston  and  Cambridge,  the  rate  of  increase  for  the  muni- 
cipal group  becomes  only  12  per  cent.  Excluding  another 
exceptional  case,  Wellesley,  this  rate  would  be  further  low- 
ered to  6.2  per  cent  for  7  public  plants.    Three  private 


IN  MASSACHUSETTS  147 

plants  and  one  public  plant  of  these  groups  show  some 
decrease  in  the  number  of  inhabitants  of  the  district  served. 
There  seems  to  be  no  getting  away  from  the  fact  that,  in 
general,  the  communities  with  their  own  purchasing  plants 
have  grown  more  rapidly  than  those  depending  upon  pri- 
vate enterprise.  However,  it  would  be  rash  indeed  to 
attribute  this  growth  solely  to  the  benefits  arising  from 
municipal  ownership.  Which  is  cause  and  which  is  efifect 
would  be  diflBcult  to  state. 

The  density  of  population,  taking  into  consideration  all 
of  the  territory  and  population  served  in  both  cases,  is  for 
the  generating  companies  only  285.3  per  square  mile, 
while  for  the  corresponding  group  of  municipalities  it  is 
488.2,  or  71  per  cent  greater.  If  the  foreign  localities  be 
left  out,  we  still  find  the  districts  served  by  the  munici- 
pal plants  18  per  cent  more  densely  populated  (550.2  as 
compared  with  468.1  in  the  companies).  On  the  other 
hand,  the  group  of  companies  buying  their  current  serve 
a  district  60  per  cent  more  densely  populated  than  that  of 
the  similar  group  of  publicly  owned  plants  (218.2  as  op- 
posed to  136.7  per  square  mile).  This  condition  at  once 
suggests  the  probability  that  these  small  municipalities 
can  offer  very  slight  inducements  to  private  business  —  a 
probability  which  becomes  a  certainty  when  we  recall 
that,  though  the  average  age  of  this  group  of  municipal 
plants,  including  the  time  under  private  operation,  is  just 
about  one  half  the  age  of  the  corresponding  group  of  com- 
panies, yet  only  8  of  these  municipalities  out  of  the  total 
of  21  were  supplied  by  private  plants  or  distributing  sys- 
tems previous  to  the  installation  of  their  own  plants.  The 
municipal  generating  plants,  on  the  contrary,  seem  to  have 
selected  the  more  favorable  territory. 

Summary 

The  conditions  which  have  been  indicated  by  the  fore- 
going analyses  may  be  summarized  as  follows: 
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1.  The  increase  in  station  equipment  of  all  kinds  has 
been  more  rapid  for  the  private  than  for  the  public  plants. 

2.  Though  relative  to  the  amount  of  business  done, 
there  does  not  seem  to  be  much  difference  in  the  total 
capacity  of  the  various  units,  yet  this  seeming  equality, 
on  the  part  of  the  municipal  plants,  is  accounted  for  by 
only  one  or  two  large  plants.  In  boiler  capacity,  53  per  cent 
of  the  public  plants  have  remained  stationary  or  gone  back. 

3.  The  average  size  of  units  is,  in  every  instance,  much 
larger  in  the  private  plants. 

4.  As  the  average  age  of  station  units  is  20  per  cent 
greater  for  the  public  than  for  the  private  plants,  it  seems 
reasonable  to  conclude  that  the  former  have  not  been  kept 
in  as  good  repair  as  the  latter. 

5.  The  capacity  relations  which  the  various  station 
units,  boilers,  engines,  and  dynamos  bear  to  each  other  is 
almost  identical  in  the  two  groups. 

6.  In  proportion  to  the  amount  of  current  generated, 
the  fuel  economy  seems  to  be  about  the  same  in  the  two 
groups,  with  an  average  advantage  for  the  companies. 

7.  The  municipal  plants  have  rapidly  increased  the  pro- 
portion of  current  bought  since  1910  from  1.3  to  12  per 
cent,  while  the  companies  have  shown  only  a  slight  increase 
from  4.1  to  6.5  per  cent. 

8.  The  load  factors,  so  far  as  ascertained,  are  slightly 
better  in  the  case  of  the  private  plants;  their  maximum 
demand  factor  is  lower;  and  the  diversity  factors  cannot  be 
found,  though  the  companies  appear  to  have  an  advantage 
in  this  regard. 

9.  Relative  to  the  actual  generating  capacity  of  stations, 
the  amount  of  business  done  seems  to  be  nearly  the  same 
for  the  two  groups. 

10.  The  public  plants  have  a  much  lower  efficiency  of 
distribution  as  shown  by  an  amount  of  current  unac- 
counted for  relatively  more  than  30  per  cent  higher  than 
that  of  the  companies. 
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11.  WTiile  the  municipal  plants  have  shown  a  greater 
percentage  increase  in  output,  since  1910,  their  rate  of 
increase  in  the  quantity  of  current  actually  delivered  has 
been  about  the  same  as  that  of  the  companies. 

12.  At  present  the  relative  amount  of  current  supplied 
for  all  purposes  is  practically  the  same  in  the  two  groups, 
except  in  so  far  as  the  sales  to  other  companies  are  con- 
cerned, in  which  business  the  private  plants  are  in  the  lead. 

13.  As  to  the  different  classes  of  business,  the  municipal 
plants  have  increased  their  sales  for  power,  during  the  past 
five  years,  much  more  rapidly  than  have  the  companies, 
while  the  latter  have  increased  their  lighting  business  more 
rapidly  than  the  former. 

14.  The  companies  are  somewhat  in  the  lead  both  in  the 
quantity  of  current  generated  and  in  the  amount  OjCiually 
supplied  per  kilowatt  capacity  of  dynamos. 

15.  The  average  service  per  capita  seems  to  be  about  the 
same  in  both  cases;  but  the  per  capita  consumption  of 
current  for  street  lighting  is  50  per  cent  higher  in  the  case 
of  the  municipal  plants. 

16.  There  has  been  a  more  rapid  growth  in  the  total 
number  of  customers  of  the  companies  (103  per  cent  as 
opposed  to  90,2  per  cent).  In  the  separate  classes  of  busi- 
ness, however,  the  number  of  power  customers  has  in- 
creased more  rapidly  in  the  municipal  plants,  though  the 
companies  are  still  absolutely  in  the  lead,  averaging  91  cus- 
tomers per  plant  as  opposed  to  62  in  the  other  group.  The 
number  of  light  customers,  on  the  other  hand,  has  increased 
more  rapidly  in  the  private  plants,  evidently  due  to  their 
more  liberal  policy  of  extension. 

17.  The  number  of  customers  per  100  population  has 
increased  more  rapidly  for  the  companies,  though  on 
account  of  the  wide  extent  of  territory  served,  the  ratio  is 
still  about  the  same  as  that  of  the  municipal  plants. 

18.  The  average  amount  of  current  sold  per  customer 
is  slightly  greater  in  the  case  of  the  companies. 
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19.  Though  the  connected  load  data  are  highly  unsatis- 
factory so  far  as  the  public  plants  are  concerned,  the  rate 
of  increase  in  the  total  reported  load  is  about  equal  in  the 
two  groups  and  corresponds  closely  to  the  increase  in  cur- 
rent sold. 

20.  The  relative  distribution  of  the  connected  load 
among  the  various  kinds  of  business  is  about  the  same 
in  each  group,  but  there  has  been  an  absolute  percentage 
decrease  of  the  commercial  lighting  load  for  the  municipal 
plants. 

21.  Both  the  total  number  of  lamps  per  plant  and  the 
number  per  customer  have  increased  much  more  rapidly 
in  the  companies,  while  there  seems  to  have  been  an  actual 
decrease  in  the  number  per  customer  in  the  municipal 
plants.  This,  however,  may  not  be  a  true  bill,  since  the 
municipal  plants  would  naturally  be  inclined  to  estimate 
their  load  more  carelessly  than  the  companies. 

22.  There  has  been  a  more  rapid  increase  of  the  con- 
nected power  load  of  the  public  plants,  and  the  average 
capacity  of  their  motors,  as  reported,  is  somewhat  higher 
than  in  the  other  group.  This  may  be  due  to  incorrect 
returns,  and  also  to  the  different  character  of  the  indus- 
tries carried  on  in  the  separate  localities. 

23.  While  the  connected  load  'per  capita  is  higher  for 
the  public  plants,  the  connected  load  per  customer,  though 
it  has  decreased  slightly,  is  still  somewhat  greater  for  the 
companies. 

24.  There  appears  to  have  been  a  decrease  in  quantity 
of  current  consumed  per  kilowatt  connected  load  in  the 
companies  and  an  increase  in  the  municipal  plants  — 
probably  due  to  the  more  conservative  policy  followed  by 
the  latter  in  the  matter  of  extensions. 

25.  The  rate  of  increase  in  the  total  number  of  street 
lights,  as  well  as  the  decrease  in  the  number  of  inhabitants 
served  by  one  light,  has  been  much  greater  for  the  com- 
panies, though  the  per  capita  figures  are  still  absolutely 
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greater  for  the  public  plants.  Both  groups  show  a  marked 
increase  in  lamp  efficiency,  and  the  municipal  plants  appear 
to  have  a  longer  number  of  hours'  use  of  lamps  per  night. 

26.  In  length  of  lines,  the  rate  of  increase  has  been  much 
more  rapid  for  the  companies;  in  length  of  streets  with 
overhead  lines,  about  twice  as  great;  while  in  the  number 
of  poles  owned,  their  growth  has  been  almost  three-fold 
that  of  the  other  group. 

27.  There  has  been  an  increase  in  the  length  of  lines  per 
customer  in  the  companies  and  an  actual  decrease  in  the 
municipal  plants. 

28.  The  municipal  plants  to  a  large  extent  use  privately 
owned  poles  instead  of  installing  their  own. 

29.  There  has  been  a  rapid  growth  of  underground  con- 
struction in  the  companies  and  apparently  none  whatever 
in  the  municipal  plants  except  in  the  case  of  Holyoke. 

30.  Though  it  is  practically  impossible  to  make  a  sepa- 
ration between  rural  and  urban  territory,  population,  or 
roads,  so  far  as  the  totals  are  concerned  the  districts  served 
by  the  companies  exceed  those  served  by  the  municipal 
plants  in  all  of  these  respects. 

31.  The  rate  of  growth  of  population  seems  to  have  been 
about  the  same  for  the  two  groups  of  generating  plants, 
while  for  the  purchasing  plants  there  has  been  a  more  rapid 
increase  in  the  case  of  the  municipalities. 

32.  The  density  of  population  is  much  greater  in  the 
districts  served  by  the  municipal  generating  plants  than  in 
the  districts  served  by  the  corresponding  group  of  com- 
panies. On  the  other  hand,  the  density  of  the  population 
of  the  area  served  by  the  municipal  purchasing  plants  is 
markedly  less  than  that  of  the  purchasing  companies. 

33.  The  two  outstanding  municipal  plants  of  Holyoke 
and  Norwood  have  certainly  done  well;  but  their  good 
record  is  probably  accounted  for  by  local  conditions  rather 
than  by  good  management  solely.  Though  beyond  a  doubt 
they  have  been  excellently  managed,  they  have  a  more 
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favorable  territory,  due  to  no  efforts  of  their  own,  and 
better  business  than  any  of  the  other  plants  studied. 

Tentative  Conclusions  on  the  Phiysical  Results 
of  Public  Ownership 

Finally,  though  in  some  instances  there  seems  to  be  little 
to  choose  between  the  two  groups,  and  though  at  times  the 
tendencies  are  not  very  marked,  practically  all  of  the  phy- 
sical data  of  the  generating  plants  appear  to  indicate  that 
in  spite  of  their  less  desirable  territory  the  companies  have 
been  more  active  in  the  development  of  that  territory,  and 
have  made  better  provision  for  future  needs.  The  municipal 
plants,  on  the  other  hand,  for  the  most  part  seem  to  be 
operating  in  more  favorable  localities  and  to  be  letting  their 
business  grow  up  around  them. 

For  the  purchasing  plants,  however,  our  analyses  of  the 
physical  data  lead  to  almost  the  opposite  conclusions. 
Viewed  from  almost  every  angle,  this  group  of  public 
plants  seem  to  be  making  more  out  of  their  poorer  terri- 
tory than  do  the  corresponding  companies  with  a  more 
favorable  district  to  serve.  They  appear  also  to  have 
secured  as  customers  a  larger  percentage  of  the  inhabitants 
in  the  less  desirable  portions  of  their  districts,  and  to  have 
a  much  more  eflScient  distributing  system  per  customer. 


CHAPTER  V 

FINANCIAL  STATISTICS  OF  GENERATING  PLANTS: 
THE  CAPITAL  ACCOUNT  ^ 

Though  it  would  be  highly  interesting  to  the  account 
to  make  a  careful  study  of  the  financial  history  of  each 
group  of  plants  from  the  very  beginning,  to  do  so  would 
necessitate  the  expenditure  of  an  enormous  amount  of  time 
for  which  the  recompense  would  be  comparatively  small. 
Accordingly,  having  made  some  analysis  of  the  laws  of  the 
State  in  so  far  as  they  relate  to  the  financial  management 
of  the  electric  lighting  business,  having  reviewed  the  work 
and  policies  of  the  Board  of  Gas  and  Electric  Light 
Commissioners,  and  having  surveyed  in  a  general  way  the 
development  of  the  industry  in  Massachusetts  under  both 
public  and  private  ownership,  we  will  in  this  chapter  usu- 
ally refrain  from  delving  into  the  ancient  history  of  our 
plants.  The  study  will,  for  the  most  part,  be  confined  to 
the  years  1910  and  1915,  with  a  more  detailed  analysis  for 
the  later  date.  As  in  the  preceding  chapter,  the  generating 
plants  will  be  first  and  more  fully  considered.  Since  a 
reasonably  thorough  examination  of  the  physical  charac- 
teristics, equipment,  and  development  of  the  two  groups 
has  already  been  made,  the  writer  hopes,  on  the  one  hand, 
that  his  interpretations  will  be  less  likely  to  go  astray,  and, 
on  the  other,  that  his  readers  will  have  less  difficulty  in 
following  his  line  of  argument. 

Before  taking  up  the  subject  of  operating  expenses, 
operating  income,  and  fixed  charges,  we  must  logically 
devote  some  attention  to  the  capital  account.  At  the  very 
outset  of  this  financial  investigation,  however,  we  are  con- 
fronted with  difficulties  which  are  well-nigh  insurmount- 

1  Appendix,  pp.  424-431. 
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able,  occasioned  by  the  fact  that  the  accounting  procedure 
of  public  and  private  plants  is  by  no  means  uniform.  This 
is  in  part  the  result  of  the  different  methods  which  the 
two  groups  employ  in  financing  themselves.  A  further 
complication  arises  from  the  provision  of  the  law  which 
requires  municipal  plants  to  write  ofif  3  per  cent  for  depreci- 
ation each  year,i  while  imposing  no  such  restriction  on  the 
companies,  which  accordingly  handle  the  matter  in  diverse 
ways.  And,  finally,  the  Board  itseK  has  probably  not  given 
as  much  attention  as  might  be  desirable  to  the  problem  of 
securing  from  the  two  classes  of  plants  data  that  v/ould  be 
conveniently  comparable. 

However  this  may  be,  we  are  at  first  glance  somewhat 
at  a  loss  to  know  exactly  what  is  the  "investment"  in 
either  a  municipal  or  a  private  electric  lighting  plant.  In 
each  case  several  possibilities  suggest  themselves,  even 
though  we  waive  all  consideration  of  the  different  bases  of 
valuation,  which  can  really  throw  little  light  on  our 
problem.  So  far  as  the  assessed  valuation  of  the  companies 
is  concerned,  for  obvious  reasons  it  usually  bears  no  accu- 
rate relation  to  the  investment  of  stockholders  and  cred- 
itors in  the  plant.  This  valuation  is  upon  the  average  more 
than  25  per  cent  below  the  book  value.  Hence,  since  we 
must  depend  upon  the  returns  for  our  information,  it  be- 
comes a  question  either  of  taking,  as  the  true  investment, 
the  total  cost  of  plant  as  shown  by  the  books,  —  the  con- 
struction accounts,  which  have  sometimes  been  depreciated 
and  sometimes  not,  2  —  or,  in  lieu  of  this,  of  assuming  that 
the  total  liability  of  the  company  for  stock,  bonds,  notes, 

»  Mass.,  1914,  ch.  742,  sect.  114. 

^  '^^^  "plant  accounts"  ordinarily  include  —  cost  of  real  estate  (lands 
and  buildings  are  not  always  separated),  steam  plant,  electric  plant, 
water  power  plant,  lines,  transformers,  meters,  street  lamps  and  fixtures. 
No  "working  capital"  is  included,  and  no  allowance  is  made  for  mate- 
rials, tools,  or  other  equipment  of  a  transitory  sort.  Such  allowance  is 
unnecessary  for  our  purposes,  though  it  must  always  be  borne  in  mind 
when  valuation  problems  are  under  discussion. 
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and  premiums  on  stock  if  such  there  be,  will  give  us  the 
true  index  of  capital  investment.  Since  the  law  requires 
that  all  stock  shall  be  fully  paid  up,  and  shall  be  sold  for 
not  less  than  par,  and  that  for  every  dollar  borrowed  a 
dollar  shall  be  put  into  the  business  by  the  stockholders,^ 
the  latter  would  be  a  reasonably  safe  criterion,  were  it  not 
for  two  considerations.  In  the  first  place,  large  surpluses 
are  frequently  built  up  out  of  earnings,  and  in  the  second 
place,  while  most  of  the  numerous  outstanding  notes  repre- 
sent bona  fide  investment,  there  are  cases  in  which  they 
may  have  been  issued  to  cover  losses  due  to  bad  manage- 
ment, bad  luck,  or  even  to  exploitation  by  other  interests 
in  control.  Did  the  Board  have  control  over  the  issue  of 
coupon  notes  as  well  as  over  that  of  stock  and  bonds,  this 
difficulty  should  be  largely  removed. 

A  further  complication  arises,  however,  resulting  from 
the  fact  that  several  of  the  plants  are  composite,  and  it  is 
not  possible  from  a  study  of  the  accounts  to  determine 
exactly  how  much  of  the  liability  was  occasioned  by  the 
gas  business  and  how  much  by  the  electrical  business.^ 
Upon  an  examination  of  all  of  the  data  available,  it  is 
reassuring  to  find  that  for  the  12  purely  electric  companies, 
the  total  book  value  is  just  4  per  cent  higher  than  the  total 
amount  of  capital,  loans,  and  premiums.  Hence,  whichever 
figures  we  use,  it  will  make  little  difference.  Even  though 
in  individual  cases  there  is  frequently  a  considerable  dis- 
crepancy, the  averages  will  be  sufficiently  accurate. 

Since  an  excess  of  construction  accounts  over  capital 
and  loan  liabilities  is,  when  existent,  doubtless  built  up 
out  of  reinvested  earnings,  the  writer  has  always  taken  the 
former  as  the  true  investment,  except  when  the  latter 
exceed  this  account,  in  which  case  the  capital  and  loans 

»  Cf.  ch.  II.  p.  49. 

2  In  the  case  of  the  five  municipal  plants  which  are  more  or  less  linked 
up  with  the  public  water  supply  system.  Concord,  Ipswich,  Merrimac, 
North  Attleborough,  and  Hudson,  the  accounts  are  kept  sufficiently 
separate  to  occasion  no  great  difficulty. 
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have  been  taken;  for,  even  granting  that  the  sum  of  these 
may  not  always  represent  "hve"  plant,  it  probably  does 
indicate  that  so  much  money  has  been  invested,  whether 
wisely  or  unwisely,  —  a  point  which  will  be  later  referred 
to  in  connection  with  our  study  of  depreciation.  In  accord- 
ance with  this  method  of  reckoning,  then,  there  can  be  no 
doubt  that  the  capital  account  of  the  companies  is  made 
sufficiently  high. 

For  the  public  plants  the  problem  is  less  simple.  Two 
different  plant  accounts  are  kept,  the  total  (gross)  plant 
cost  —  since  1912  not  including  payments  of  any  kind  from 
the  depreciation  fund  —  and  the  depreciated  plant  cost. 
The  latter  accounts  average  more  than  25  per  cent  lower 
than  the  former,  though  in  several  instances  the  two  are 
identical.  In  the  depreciated  plant  account,  as  published 
annually  by  the  Board,  additions  from  construction  fund 
and  other  sources  as  well  as  renewals  from  the  depreciation 
fund  are  at  present  debited.  The  account  is  then  credited 
with  the  statutory  amount  of  depreciation,  apportioned 
among  the  various  items  more  or  less  arbitrarily  according 
to  the  judgment  of  the  manager,  and  with  other  items 
which  are  written  off.  Theoretically  this  account  should 
represent  the  actual  financial  condition  of  the  plant,  and 
it  might  be  expected  to  correspond  with  the  plant  account 
kept  by  the  companies.  Practically,  however,  such  is  not 
the  case. 

In  the  first  place,  the  practice  of  writing  off  3  per  cent 
depreciation  annually  (before  1906  the  rate  was  5  per 
cent),  and  the  customary  accumulation  of  a  depreciation 
fund  which  is  carried  as  an  asset,  makes  the  municipal 
plant  account  disproportionately  low  as  compared  with 
the  accounts  carried  by  the  companies,  some  of  which,  to 
be  sure,  have  very  regularly  written  off  their  depreciation, 
but  many  of  which  provide  for  it  in  their  operating  accounts. 
Furthermore,  the  latter  rarely  carry  a  depreciation  fund 
account.  Consequently,  when  their  plant  account  is  cred- 
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ited  with  depreciation,  a  corresponding  increase  will  ordi- 
narily appear  in  the  entry  for  "additions  made  during  the 
year,"  as  a  result  of  renewals,  new  construction,  and  so 
forth. 

But,  secondly,  the  "  dead  "  assets  of  the  municipal  plants 
are  usually  written  off  promptly,  so  as  to  show  a  low  plant 
account,  even  though  the  original  loan  may  be  still  out- 
standing. The  companies,  on  the  other  hand,  for  suffi- 
ciently obvious  reasons,  frequently  let  their  accounts  stand 
as  they  originally  were,  even  though  a  portion  of  the  plant 
may  be  defunct.  But,  whenever  they  apply  to  the  Board 
for  the  approval  of  a  new  issue  of  securities,  this  aspect  of 
their  finances  is  thoroughly  investigated,  and  if  a  discrep- 
ancy is  found  to  exist  between  the  book  value  and  the 
liability  for  capital  and  loans,  the  company  is  required  to 
put  aside  from  earnings  until  the  deficit  is  made  good.^ 

The  gross  plant  account  of  the  municipal  plants,  which 
is  never  published  by  the  Board,  more  nearly  corresponds 
to  the  account  carried  by  the  companies,  for,  though  it  is 
undepreciated,  no  additions  from  the  depreciation  fund, 
even  after  a  transfer  has  been  made  to  the  construction 
fund,  are  included.  The  dead  assets  are  not  as  a  rule 
written  off,  since  the  account  is  intended  to  show  all  the 
money  that  has  actually  been  invested  in  the  plant  from 
the  beginning.  These  accounts,  however,  are  not  similarly 
kept  by  the  various  municipalities.  Some  include  additions 
from  earnings  —  which  is  perfectly  proper,  though  a  most 
insignificant  item  —  while  others  do  not.  Some  persist 
in  depreciating  the  account  and  debiting  the  renewals  from 
depreciation,  so  that  it  coincides  with  the  published  plant 
account.  And,  finally,  one  or  two,  while  not  depreciating 
this  account,  have  continued  to  include  payments  from 
the  depreciation  fund  not  merely  for  new  construction  but 
for  renewals,  as  they  did  prior  to  1912.  For  these  reasons 
this  account,  in  individual  cases,  is  not  wholly  satisfactory, 
1  Mass.,  1914,  ch.  742,  sect.  40. 
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particularly  for  the  earlier  period.  To  make  the  1910 
accounts  absolutely  comparable  with  those  for  1915,  would 
in  some  instances  be  a  task  which  would  require  the  serv- 
ices of  a  staff  of  expert  accountants. 

In  view  of  these  difficulties,  the  writer  has  chosen,  as 
most  nearly  representing  the  true  investment  in  the  pub- 
lic plants,  the  so-called  total  investment  as  computed 
from  year  to  year  by  the  Board.  These  figures  include  all 
amounts  which  have  been  invested  by  the  municipality  in 
each  plant  since  its  installation,  whether  raised  by  loans 
or  by  direct  taxation,  and  at  a  given  time  would  be  indi- 
cated by  the  bonds  and  notes  outstanding,  the  appropria- 
tions for  bond  and  note  payments,  and  the  appropriations 
for  construction.  It  is  frequently  necessary  to  go  back 
over  the  returns  for  a  number  of  years  in  order  to  find  the 
exact  basis  of  computation,  for  occasionally  one  note  has 
been  taken  up  by  another,  and  sometimes  a  payment  has 
been  made  from  earnings,  thus  leaving  no  recorded  liability 
in  the  published  accounts  of  the  plant.  The  aggregate 
investment  as  thus  computed  coincides  so  closely  with  the 
gross  plant  cost  as  above  discussed,  being  only  1.2  per  cent 
below  it,  that,  except  for  the  sake  of  convenience  in  making 
comparisons  with  1910,  it  would  really  matter  little  which 
figures  we  take  for  1915. 

The  chief  reason  for  the  slight  difference  between  the 
two  totals  is  due  to  the  fact  that  in  one  or  two  cases  a  small 
amount  has  been  added  to  the  plant  out  of  earnings.  In 
Holyoke,  of  course,  there  has  been  a  considerable  addition 
from  this  source,  and  so  the  gross  cost  has  been  used.  It 
should  also  be  noted  that  in  the  case  of  all  the  composite 
plants  the  total  cost  has  been  used,  except  in  the  one  in- 
stance of  Wakefield,  where  this  seemed  not  to  represent 
the  true  investment.  In  these  cases  any  attempt  at  a  divi- 
sion of  liabilities  between  the  two  branches  of  the  business 
would  be  purely  arbitrary,  based  on  the  relations  which  the 
electric  assets  bear  to  the  gas  assets. 
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The  writer  believes  that,  with  these  explanations  and 
qualifications,  the  investment  data  herein  presented  are 
reasonably  comparable,  though  far  from  satisfactory. 
They  do  not  by  any  means  necessarily  represent  the  actual 
value  of  the  property  in  either  case  —  indeed,  they  are 
frequently  far  from  it.  Consequently,  conclusions  derived 
from  the  use  of  these  figures  will  be  relative  rather  than 
absolute.  Whenever  feasible,  exceptional  cases  will  be  lost 
sight  of  in  the  group  averages.  Otherwise  attention  will 
be  given  to  each  anomaly  as  it  presents  itself.  Upon  the 
whole,  it  is  probably  safe  to  assume  that  the  conditions 
indicated  by  this  particular  study  are  not  far  from  the 
truth. 

Upon  comparison  of  the  total  investment  in  each  group, 
as  arrived  at  in  the  manner  outlined,  a  number  of  highly 
interesting  conditions  become  apparent.  The  total  invest- 
ment per  company  was,  in  1910,  $187,067,  or  36.5  per  cent 
more  than  that  of  the  average  public  plant,  which  stood 
at  $137,461.  During  the  five-year  period,  however,  the 
rate  of  increase  of  the  former  was  66  per  cent,  and  for  the 
latter  only  25.1  per  cent,  or  28.6  including  Holyoke.  Hence 
in  1915  the  average  investment  per  plant  was  $171,990  for 
the  municipal  group  and  $310,840,  or  81.2  per  cent  higher 
for  the  private  plants. 

Probably  the  casual  student  would  be  tempted  to 
say,  —  "There  we  have  it.  Public  financing  is  more 
economical  than  private  financing!"  But  we  must  not  be 
led  into  any  hasty  conclusions.  These  apparent  differences 
in  the  investment  accounts  must  be  interpreted  in  the  light 
of  the  facts  which  have  been  reviewed  in  the  preceding 
chapter,  and  of  other  facts  which  are  presently  to  follow. 
The  accompanying  table  will  help  to  recall  to  the  reader 
the  general  features  of  the  physical  development  of  the 
two  groups  of  plants. 

Now,  it  appears  that  the  private  plant  investment  in 
1910,  in  proportion  to  the  amount  of  business  done,  was 
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by  no  means  excessive  when  compared  with  the  investment 
in  the  municipal  plants.  On  the  contrary,  when  we  con- 
sider that  the  quantity  of  current  sold  by  the  former  was 
65.3  per  cent  higher  than  that  delivered  by  the  latter, 
while  the  kilowatt  capacity  of  generators  was  only  35.3 
per  cent  higher,  it  is  probable  that,  relatively,  the  com- 
panies were  somewhat  under-equipped.  Furthermore, 
from  the  fact  that  their  length  of  streets  with  overhead 
lines  was  only  12  per  cent  greater  than  that  of  the  pub- 
lic plants,  it  is  evident  that  their  territory  had  not  been 
comparatively  as  thoroughly  developed.  For  these  reasons 
the  spread  between  the  average  investment  in  the  two 
groups  was  not  great,  and  was  almost  identical  with  the 
difference  in  kilowatt  capacity  of  stations.  One  seems  to 
have  been  just  as  conservatively  financed  as  the  other, 
with  the  doubt  probably  in  favor  of  the  private  plants. 
But,  for  the  same  reasons,  we  can  expect  to  find  a  more 
rapid  increase  in  investment  in  the  companies  as  service 
is  more  widely  extended  throughout  the  districts  served 
and  as  future  needs  are  anticipated. 

Assuming,  then,  that  we  start  in  1910  with  a  fairly 
accurate  basis  of  comparison,  we  must  discover  why  the 
increase  in  investment  has  seemingly  been  so  much  more 
rapid  for  the  companies.  Accordingly,  first  of  all,  we  note 
that,  while  there  is  no  underground  construction  in  the  17 
municipal  plants  (Holyoke  has  about  $90,000  in  under- 
ground cables  and  conduits),  and  while  there  was  almost 
none  of  it  in  the  companies  in  1910,  the  increase  has  been 
extraordinarily  rapid,  though  confined  almost  solely  to  the 
two  companies  of  Gloucester  and  Beverly.  This  one  item 
alone  accounts  for  an  increased  investment  of  more  than 
$350,000,  which  is  not  met  with  in  the  public  plants,  and 
if  this  amount  be  deducted  from  the  total  investment  of 
the  former,  the  rate  of  increase  becomes  only  55  per  cent 
instead  of  66  per  cent. 

Again,  the  increase  in  number  of  poles  owned  has  been 
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so  small  in  the  public  plants,  due  to  the  fact,  as  above  ex- 
plained, that  they  have  been  impressing  foreign  poles  into 
their  service,  that  this  one  item  further  seriously  distorts 
the  comparative  figures  of  investment.  Had  the  increase  in 
the  companies  been  at  a  like  rate,  28.1  instead  of  76.2  per 
cent,  they  would  in  1915  have  had  at  least  12,000  fewer 
poles  than  they  actually  report  at  that  date.  Allowing 
about  $15  per  pole,  by  no  means  an  excessive  price  as 
nearly  as  can  be  ascertained,  to  cover  the  cost  of  pole,  set- 
ting, cross-arms,  braces,  pins  and  insulators,  and  inciden- 
tals, we  would  be  able  to  account  for  an  additional  increase 
of  from  $175,000  to  $200,000  in  the  private  plant  invest- 
ment. If  this  amount  be  deducted  from  the  total,  as  well 
as  the  $350,000  for  underground  construction,  the  rate  of 
increase  in  the  investment  of  the  companies  becomes  less 
than  49  per  cent,  while  the  excess  of  their  investment  over 
that  of  the  municipal  plants  is  reduced  to  only  62  per  cent 
instead  of  81.2  per  cent.  In  view  of  the  fact  that  the  amount 
of  current  disposed  of  by  the  former  is  63  per  cent  greater 
than  in  the  latter,  and  also  by  reason  of  the  fact  that  they 
are  extending  their  distribution  systems  much  more  widely 
at  the  present  time,  this  difference  in  investment  is  by  no 
means  disproportionate.  Other  reasons  for  the  difference 
will  be  given  presently. 

But  this  is  not  the  whole  story.  While  there  has  been 
a  considerably  more  rapid  growth  in  the  generating  ca- 
pacity of  the  companies  (52  as  opposed  to  43  per  cent  in 
the  other  group),  the  increase  in  the  average  size  of  these 
generators  has  been  almost  twice  as  great  (100  per  cent 
as  contrasted  with  54.6  per  cent).  This  naturally  means 
a  much  more  rapid  increase  in  station  investment,  for  in 
most  instances  the  change  from  smaller  to  larger  units  has 
been  in  the  nature  of  an  addition  or  improvement  rather 
than  a  renewal,  and  so  may  lawfully  be  considered  a 
capital  charge. 

Furthermore,  the  length  of  lines  has  increased  almost 
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50  per  cent  more  rapidly  in  the  companies,  and  the  length 
of  roads  with  overhead  hnes  nearly  75  per  cent  more 
rapidly.^  Since  the  number  of  miles  of  line  per  mile  of 
overhead  is  about  the  same  in  the  two  groups,  4.5  miles, 
the  increase  not  only  indicates  a  relatively  greater  invest- 
ment for  wire  and  other  materials,  but  it  also  probably 
signifies  that  the  labor  costs  of  extension  have  been  more 
than  proportionately  higher  as  a  result  of  the  distribution 
of  service  over  so  much  wider  an  area,  where  frequently, 
on  account  of  the  rocky  character  of  the  soil,  construc- 
tion is  a  very  difficult  and  expensive  matter.  ^ 

The  more  rapid  growth  in  number  of  customers  in  the 
private  plants  brings  with  it  a  correspondingly  greater 
investment  in  customers'  meters.  The  much  more  rapid 
increase  in  the  number  of  street  lamps  also  occasions  a 
considerably  higher  ratio  of  increase  in  investment.  Fin- 
ally, in  a  number  of  cases  which  cannot  well  be  ascertained, 
the  customers  of  public  plants  have  borne  the  cost  of 
extensions  on  their  own  property  —  a  practice  which  aids 
in  keeping  the  line  investment  comparatively  low. 

The  writer  believes  that  the  more  rapid  rate  of  increase 
in  investment  in  the  companies  is  fully  accounted  for  by 
the  foregoing  considerations,  not  to  mention  a  number  of 
others.  But  we  should  not  overlook  the  fact  that  in  some 
cases  part  of  the  increase  might  be  due  to  bad  management. 
This  may  be  accounted  for  by  lack  of  foresight  and  judg- 
ment on  the  part  of  those  who  manage  the  business,  or 
it  may  be  the  result  of  actual  exploitation  by  associations 
or  individuals  who  control  a  majority  of  the  stock.  This 
exploitation  may  be  of  two  sorts,  first,  the  distribution  of 

*  It  is  true  that  companies  might  be  more  inclined  to  keep  "dead" 
wire  on  their  books  than  are  the  pubhc  plants,  for  in  case  of  rate  disputes 
or  new  security  issues,  there  might  be  some  advantage  in  making  the 
physical  property  look  large.  There  is,  however,  no  reason  to  suppose 
that  this  tendency  has  been  more  marked  since  1910  than  before  that 
date. 

*  Cf.  ch.  XI,  p.  305.  The  local  survey  has  shown  this  to  be  a  fact. 
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the  highest  possible  dividends,  and  the  consequent  pro- 
vision for  depreciation  out  of  new  capital  raised  by  the 
issue  of  notes  —  the  payment  of  dividends  out  of  capi- 
tal. And,  secondly,  material  may  have  been  sold  to  the 
companies  by  controlling  associations  at  an  abnormally 
high  price,  which  would  yield  the  favored  stockholders  a 
handsome  return,  even  though  no  dividends  at  all  should 
be  paid  on  their  stock.  The  additions  to  plant  thus  made 
would  unduly  inflate  the  capital  account. 

At  first  glance,  the  internal  evidence  seems  to  suggest 
that  some  of  these  things  might  have  happened  in  the  case 
of  Plymouth  and  Weymouth  in  both  of  which  the  invest- 
ment appears  to  have  increased  more  rapidly  than  cir- 
cumstances would  warrant,  though  in  the  latter  the  in- 
vestment per  kilowatt  capacity  is  low.  In  both  of  these 
plants,  also,  there  were,  in  1915,  an  abnormal  number 
of  notes  outstanding,  $162,499  and  $217,000  respectively, ^ 
or  in  each  case  40  per  cent  of  the  capital  and  loan  habilities, 
while  in  1910  the  amounts  were  only  $54,000  and  $36,000 
—  still  rather  large.  However,  so  far  as  the  writer  has 
been  able  to  ascertain,  his  theoretical  deductions  regarding 
these  plants  are  scarcely  justified  at  present,  though  during 
the  year  no  depreciation  was  charged  off.  Amesbury,  also, 
appears  to  have  been  rather  badly  managed  earlier,  and 
returns  a  higher  investment  than  we  would  have  expected 
in  spite  of  the  low  investment  per  kilowatt  capacity.  On 
the  other  hand,  probably  most,  if  not  all,  of  the  rapid  in- 
crease of  investment  in  these  plants  can  be  accounted  for 
by  the  enormous  growth  of  their  lines  and  streets  with 
overhead  lines,  averaging  150  per  cent  and  120  per  cent 
respectively.  Accordingly,  if  these  three  companies,  to- 
gether with  Gloucester  and  Beverly, ^  all  of  which  are 
abnormal,  be  eliminated,  even  though  their  investment 

*  The  amounts  were  later  greatly  reduced. 

^  Cf.  p.  133,  supra.  Their  underground  construction  has  been  very 
large  since  1910. 
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has  not  increased  more  rapidly  than  their  business,  the 
rate  of  increase  of  investment  in  the  private  plants  be- 
comes 41.2  per  cent,  in  place  of  66  per  cent.  And  if,  in 
addition,  we  leave  out  Buzzard's  Bay,  which  was  at  its 
inception  in  1910,  the  rate  drops  to  31.3  per  cent,  or  little 
higher  than  the  rate  of  increase  in  the  municipal  plants. 

Hence,  from  every  point  of  view,  the  conclusion  thus 
far  reached  seems  to  be  that  on  the  average  the  group  of 
private  plants  suffers  nothing  in  comparison  with  the 
public  plants  so  far  as  their  investment  is  concerned,  and, 
if  a  few  of  the  exceptional  cases  be  eliminated,  the  remain- 
ing companies  make  a  somewhat  better  showing  than  the 
municipalities. 

Upon  analysis  it  appears  that  the  total  investment  per 
kilowatt  capacity  of  dynamos  in  the  two  groups,  while 
practically  the  same  in  1910,  was  considerably  higher 
(30  per  cent)  for  the  companies  in  1915.^  For  the  munici- 
pal plants  the  decrease  had  been  15  per  cent,  from  $207 
to  $176,  while  the  other  group  showed  an  increase  of  9.6 
per  cent,  from  $208  to  $228.  Most  of  the  increase  in  the 
latter,  however,  was  accounted  for,  as  has  been  explained, 
by  the  construction  of  conduits  and  the  installation  of 
new  poles  instead  of  the  utilization  of  foreign  poles  as  in 
the  case  of  the  public  plants.  If,  in  order  to  make  our  data 
comparable,  we  deduct  the  cost  of  these  items,  about 
$550,000,  the  investment  per  kilowatt  becomes  $24  less, 
or  $204,  an  actual  decrease  of  2  per  cent  for  the  period. 
Half  of  the  remaining  difference  of  $28,  is  easily  accounted 
for  by  the  more  rapid  rate  of  extension  of  lines  in  the  com- 
panies. The  rest  is  probably  covered  by  the  other  items 
above  mentioned.  So  again,  after  reasonable  allowances 
have  been  made  for  the  obvious  differences  in  physical 
development,  the  total  investment  per  kilowatt  capacity 

*  At  both  dates  Great  Barrington  and  Winchendon  are  omitted  from 
the  list  of  companies,  because  their  large  investment  in  water  power 
facilities  makes  their  capital  account  abnormally  high. 
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will  have  decreased  at  approximately  the  same  rate  in 
both  groups.  The  accompanying  chart  (II)  shows  the 
investment  relations  existing  between  the  individual 
plants.  It  is  for  the  most  part  easy  to  account  for  the  con- 
spicuous peaks  in  the  graph  for  the  companies.  The  first 
two  are  due  to  the  comparatively  large  investment  in 
water-power  development,  with  a  correspondingly  low 
generating  capacity,  found  in  Winchendon  and  Great 
Barrington.  The  next  high  point  shows  the  condition  of 
Plymouth,  which  was  at  the  time  doing  a  large  business 
with  a  disproportionately  small  generating  equipment,^ 
and  in  which  there  has  actually  been  a  decrease  in  the 
kilowatt  capacity  of  dynamos  since  1910,  in  spite  of  a 
150  per  cent  increase  in  the  number  of  customers  and  a 
200  per  cent  increase  in  the  length  of  lines.  The  last  peak 
represents  Beverly,  in  which,  as  already  stated,  the  cost 
of  underground  construction  figures  heavily.  Charts  III 
and  IV  throw  further  light  on  the  situation. 

The  question  may  at  this  point  be  asked,  why,  when  the 
more  obvious  differences  between  the  two  groups  have 
been  eliminated,  the  investment  per  kilowatt  capacity 
is  not  lower  in  the  private  plants,  which  are  somewhat 
larger,  than  in  the  public  plants.  This  fact  is  not  in  itself 
significant,  for  reasons  that  are  about  to  be  given.  But 
several  obvious  replies  might  be  made  to  the  query,  (a) 
The  difference  in  size  is  not  great  enough  to  have  much 
effect  upon  the  per  capacity  investment.  (6)  There  might 
be  a  higher  proportion  of  "dead"  assets  in  the  plant 
account  of  the  companies,  in  spite  of  the  fact  that  the 
average  age  of  their  station  units  (7.6  years)  is  markedly 
less  than  the  age  of  the  municipal  plant  units  (9.1).  (c) 
The  companies  may,  in  some  instances,  not  have  bought 
their  equipment  so  economically  as  have  the  other  group 
—  Massachusetts   municipalities   are   noted   among   the 

'  Plymouth  has  since  found  it  necessary  to  purchase  her  current  most 
of  the  time. 
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trade  as  "shrewd  bargainers."  And  (d)  the  real  estate 
investment  as  reported  by  the  pubUc  plants  does  not  in 
many  cases  represent  the  true  value  of  the  property  used. 
Four  of  them,  Ipswich,  Merrimac,  North  Attleborough, 
and  Wakefield,  report  no  land  whatever,  as  it  is  owned  by 
some  other  municipal  department.  One  plant,  Merrimac, 
reports  neither  building  nor  land.  Several  of  them  do 
not  separate  the  value  of  their  land  from  the  value  of 
their  buildings,  and  probably  most  of  them  place  too  low 
a  value  upon  the  land  originally  secured  from  the  munici- 
pality itself.  Also  since  they  frequently  depend  upon  the 
town  hall  or  some  other  pubUc  building  for  their  office 
room,  they  have  not  found  it  necessary  to  enlarge  their 
building  capacity  for  this  purpose  as  has  often  been 
the  case  with  the  private  plants.  If  the  value  of  the  re- 
ported real  estate,  amounting  to  $857,368  and  $356,609 
respectively,^  is  deducted  in  each  group,  as  well  as  about 
$550,000  for  underground  construction  and  excess  increase 
in  new  poles  for  the  companies,  the  average  investment  per 
kilowatt  capacity  becomes  $167  for  the  companies  and 
$159  for  the  public  plants,  notwithstanding  the  fact  that 
the  distributing  system  of  the  former  covers  a  much  more 
extensive  territory. 

In  this  connection  it  should  be  observed  that  for  all 
municipal  and  private  electric  light  and  power  stations  in 
the  United  States  in  1912,  the  total  investment  per  kilo- 
watt capacity  of  generators  was  for  the  former  $289,  and 
for  the  latter  $424. ^  Evidently  the  financial  management 
of  both  public  and  private  electric  plants  in  Massachu- 
setts is,  comparatively,  unusually  conservative,  and  the 
two  groups  seem  to  be  in  this  State  more  nearly  on  the 
same  footing. 

If  we  separate  the  investment  in  station  and  real  estate 

^  Additional  reasons  for  the  low  investment  in  real  estate   became 
painfully  evident  after  the  local  survey  was  made.    Cf.  ch.  xi,  infra. 
2  Central,  1912:66. 
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on  the  one  hand  from  the  amount  invested  in  the  distri- 
bution system  on  the  other,  some  very  significant  relations 
can  be  discovered.  In  the  first  place,  the  growth  in  station 
investment  has  been  about  the  same  in  the  two  groups, 
38.1  per  cent  in  the  companies  and  34. G  per  cent  in  the 
municipalities.  This  slight  difference  is  more  than  ac- 
counted for  by  the  greater  increase  in  total  capacity  and 
in  average  size  of  dynamos  in  the  former.  The  averages 
for  station  investment  per  kilowatt  capacity  are  very  close 
together  in  both  groups,  $111  for  the  companies  and  $101 
for  the  public  plants,  and  they  have  decreased  at  a  fairly 
equal  rate,  from  $116  in  the  one  case  and  from  $107  in  the 
other.  If  we  deduct  the  investment  in  real  estate,  which 
is  more  than  140  per  cent  higher  in  the  companies  than  in 
the  municipalities,  for  reasons  which  have  been  in  part 
suggested,  the  station  investment  per  kilowatt  capacity 
is  found  to  be  less  than  $74  in  the  former  and  $S0  in  the 
latter,  a  condition  which  certainly  speaks  well  for  the  pri- 
vate plants  in  view  of  the  fact  that  their  equipment  is  also 
newer  than  that  of  the  other  group.  Finally,  the  station 
investment  per  kilowatt  hour  generated  is  only  8.4  cents 
in  the  companies  and  9,5  cents,  or  13.1  per  cent  higher  in 
the  municipal  plants.  From  these  analyses  it  is  reason- 
ably evident  that  the  station  economy,  so  far  as  equip- 
ment is  concerned,  is  somewhat  greater  in  the  privately 
owned  plants.^  Chart  III  shows  the  close  correspondence 
of  station  investment  per  kilowatt  capacity  in  the  two 
groups,  and  the  two  noticeable  peaks  caused  by  invest- 
ment in  water  power  development  have  already  been 
explained. 

^  The  individual  plants,  in  such  analyses  as  these,  present  many  anom- 
alies, particularly  in  the  matter  of  investment  per  kilowatt  capacity. 
In  some  cases,  of  which  Holyoke  is  a  good  example,  the  installation  of 
a  large  additional  dynamo  capacity  within  the  year  serves  to  make  the 
data  for  1915  entirely  disproportionate  to  those  for  1910.  It  might  be 
interesting,  but  not  highly  useful,  to  attempt  to  explain  these  individual 
cases  which  seem  to  vary  widely  from  the  average. 
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The  investment  in  distributing  system  in  1910  was  47.5 
per  cent  of  the  total  investment  in  the  municipal  plants 
and  only  41.5  per  cent  in  the  case  of  the  companies.  But 
five  years  later  these  relations  had  so  reversed  themselves 
that  the  ratio  was  only  43.6  per  cent  in  the  former  and 
51.5  per  cent  in  the  latter.  This  is  truly  a  remarkable  sit- 
uation, for,  while  the  increase  in  investment  in  distribu- 
tion system  was  only  14.6  per  cent  in  the  public  plants, 
that  of  the  private  plants  was  105.4  per  cent  —  a  seven- 
fold more  rapid  increase!  If  the  increase  due  to  the  con- 
struction of  conduits  be  deducted,  the  rate  would  still  be 
nearly  80  per  cent. 

Furthermore,  it  must  be  observed  in  this  connection 
that  the  station  investment  of  the  municipal  plants,  as 
given  for  1910,  is  somewhat  too  high,  due  to  the  above 
mentioned  practice,  in  many  cases,  of  charging  to  the  un- 
depreciated capital  account  renewals  from  the  deprecia- 
tion fund.  This  largely  explains  the  fact  that  5  of  the 
plants,  including  Holyoke,  actually  report  a  lower  station 
cost  in  1915  than  in  1910,  though  some  of  them  have  sunply 
WTitten  off  their  worn-out  equipment.  All  of  the  public 
plants  revised  their  accounts  for  the  correction  of  this 
error  in  1912.  Hence,  if  the  proper  allowances  were  made, 
we  would  accordingly  find  the  rate  of  increase  in  station 
investment  considerably  higher  than  it  now  appears,  and 
the  proportionate  decrease  in  distribution  investment 
even  more  marked  than  it  is  here  shown  to  be. 

Now,  the  proportion  of  current  purchased  by  the  muni- 
cipal plants  increased  from  practically  nothing,  1.3  per  cent 
of  the  total  output  in  1910  to  12  per  cent  in  1915.  For  the 
companies,  on  the  other  hand,  the  proportion  increased 
from  4.1  per  cent  at  the  earlier  date  to  only  6.5  per  cent 
at  the  end  of  five  years  —  a  change  which  is  practically 
negligible.  In  view  of  these  facts,  it  is  sufficiently  surpris- 
ing to  find  the  rate  of  increase  in  station  investment  of  the 
former  to  be  so  nearly  equal  to  that  of  the  latter.  At  any 
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rate,  we  would  naturally  expect  a  correspondingly  more 
rapid  growth  in  their  line  investment,  since  they  obviously 
are,  or  should  be,  distributing  more  current  than  formerly 
in  proportion  to  their  generating  capacity.  But,  as  we 
know  that  several  of  the  municipal  plants  are  quitting 
the  business  of  generating  current,  to  find  their  station 
investment  (Holyoke  excluded)  increasing  nearly  two  and 
one  half  times  as  rapidly  as  their  distribution  investment, 
with  nothing  to  show  that  this  is  caused  by  any  special 
effort  to  prepare  for  future  business,  "needs  must  make  us 
pause." 

To  be  sure,  some  allowance  must  be  made  for  the  fact 
that  the  municipal  plants  had  a  somewhat  better  developed 
territory  than  the  companies  in  1910.  Hence  we  would 
not  expect  their  rate  of  development  to  be  equally  rapid. 
Yet  such  a  difference  as  we  do  find  is  almost  unbelievable. 
Nor  has  the  increase  of  the  companies'  investment  been 
a  reckless  increase,  if  we  may  take  the  standard  set  by  the 
municipalities  as  our  criterion.  In  fact  the  former  have 
relatively  a  good  deal  more  to  show  for  their  increased 
investment  than  have  the  latter.  Under  these  circum- 
stances, the  results  of  municipal  ownership  herein  discov- 
ered are,  to  say  the  least,  rather  surprising.  The  public 
plants  have  apparently  played  reasonably  safe;  but,  unless 
all  signs  fail,  they  have  done  so  at  a  considerable  sacrifice 
of  that  service  which  they  might  legitimately  be  expected 
to  render.  And  tJiis  is  probably  the  most  decisive  consid- 
eration in  the  argument  for  or  against  public  ownership.  ^ 

The  distribution  investment  per  mile  of  line  was,  in 
1910,  $600  for  the  municipalities  and  $574,  or  4  per  cent 
less,  for  the  companies.  In  1915  the  figures  had  changed 
to  $430  for  the  former,  a  decrease  of  28.3  per  cent,  and  to 
$624  for  the  latter,  an  increase  of  9  per  cent.  But  this  fig- 
ure includes  the  conduits,  which  we  must  eliminate  in 
order  to  secure  comparable  data,  whereupon  the  com- 
1  Cf.  ch.  XI,  pp.  309,  3W-312. 
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pany  distribution  investment  per  mile  of  line  drops  to  only 
$420,  a  decrease  of  27  per  cent,  and  absolutely  about  2.3 
per  cent  lower  than  that  of  the  public  plants.  But,  in 
order  to  make  the  comparison  really  valid,  we  must  go 
still  farther  and  eliminate  those  new  poles  which  the  com- 
panies have  installed  in  addition  to  the  number  which, 
with  their  correspondingly  more  extensive  business,  they 
would  have  installed,  had  they  pursued  the  pohcy  adopted 
by  the  municipal  plants.  When  a  reasonable  deduction  is 
made  on  this  account,  the  distribution  investment  per 
mile  of  line  becomes  for  the  companies  $350  to  $375,  or 
from  15  to  20  per  cent  lower  than  the  investment  of  the 
public  plants!  Probably  the  reader  wUl  now  be  sufficiently 
satisfied  that,  so  far  as  we  can  secure  the  evidence,  the 
greater  increase  in  investment  of  the  private  plants  not 
merely  has  been  fully  accounted  for,  but  they  even  seem 
to  have  gotten  a  good  deal  more  for  their  money  than 
have  the  municipalities.  Aside  from  any  theorizing,  these 
appear  to  be  the  facts. 

As  it  has  frequently  been  alleged  that  the  municipal 
plants  taken  over  from  private  ownership  have  been  at  a 
decided  disadvantage  inasmuch  as  they  paid  too  much 
for  the  property  which  they  acquired,  a  passing  comment 
should  be  made  upon  the  actual  state  of  affairs  which  our 
analysis  reveals.  Accordingly,  it  appears  that  for  the  6 
plants,  —  Chicopee,  Hudson,  Hull,  Middleborough,  Taun- 
ton, and  Westfield  (Wakefield  is  omitted  because  it  had 
definitely  ceased  to  generate  current  early  in  the  year 
1914-15),  —  the  total  investment  per  kilowatt  capacity  of 
generators  is  only  $154,  or  12.5  per  cent  lower  than  the 
average  for  the  group,  $176!  And  this  is  in  spite  of  the 
fact  that  two  of  the  plants  included,  Chicopee  and  Hull, 
were  buying  a  large  proportion  of  their  current,  and  hence 
have  had  no  reason  for  increasing  their  generating  ca- 
pacity. Furthermore,  Taunton  and  Westfield  have  the 
lowest  per  capacity  investment  of  any  in  the  group  of 
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public  plants,  $111  and  $113  respectively.  The  station 
investment  per  kilowatt  capacity  is  $108  as  opposed  to 
$101  for  the  group  —  a  condition  easily  explained  in  view 
of  the  fact  that  so  much  current  is  being  purchased.  The 
line  investment  per  mile,  on  the  other  hand,  is  $500,  or 
about  one  sixth  higher  than  the  average  for  the  group; 
but  this  investment  was  acquired  long  after  the  plants  had 
become  municipalized!  Holyoke,  as  might  be  expected, 
makes  a  better  showing  in  all  of  these  regards  than  do  most 
of  the  other  plants  in  either  group^  the  total  investment 
per  kilowatt  capacity  being  only  $112.^  Obviously  there 
is  absolutely  no  ground  for  the  above  mentioned  charge. 

Some  additional  analyses  must  be  made  of  the  total 
plant  investment.  It  appears  that  the  total  investment 
per  kilowatt  hour  supplied  is  20  cents  in  the  municipal 
plants  and  22  cents  in  the  other  group.  While  this  has 
remained  practically  stationary  in  the  latter,  in  the  case 
of  the  former  there  has  been  a  decrease  of  23  per  cent,  from 
26  cents  in  1910.  This  would  seem  to  be  an  excellent  show- 
ing for  the  public  plants  were  it  not  that  we  have  discov- 
ered how  the  decrease  has  been  effected.  Again,  the  in- 
vestment per  kilowatt  connected  load  is  $126  in  the  com- 
panies and  only  $100  in  the  other  group.  And,  finally,  the 
investment  per  customer  has  decreased  in  both  cases,  but 
about  twice  as  rapidly  for  the  public  plants,  so  that  the 
figures  now  stand  at  $162  for  the  latter  and  $226,  or  nearly 
40  per  cent  more,  for  the  former. 

In  view  of  the  relations  here  set  forth,  which  scarcely 
need  further  explanation  after  what  has  already  been  said 
about  the  physical  equipment  and  the  investment  of  the 
two  groups,  we  might  logically  expect  the  rates  charged 
by  the  companies  for  the  same  kind  of  service  to  be  higher 
than  the  rates  of  the  municipal  plants,  for  they  would 
need  to  secure  a  return  on  a  relatively  larger  investment 

^  The  private  plant  of  Attleborough,  however,  greatly  betters  this 
record,  with  a  total  investment  per  kilowatt  capacity  of  only  $90. 
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per  customer.  Had  the  increased  investment  been  reck- 
lessly incm-red,  we  could  bring  a  serious  charge  against 
the  companies.  But,  since  the  contrary  is  evidently  the 
case,  inasmuch  as  the  additions  to  plant  account  have 
been  for  the  purpose  of  taking  better  care  of  the  trade,  it 
appears  that  the  private  plants  are  to  be  praised  rather 
than  condemned. 

The  per  capita  investment,  due  to  numerous  reasons 
already  reviewed,  while  lower  for  the  companies  in  1910, 
has  increased  much  more  rapidly  than  that  of  the  public 
plants  (44.9  per  cent  as  opposed  to  9.2  per  cent),  until  the 
amount  is  now  $18.48,  or  30  per  cent  higher  than  the  per 
capita  investment  of  the  latter  ($14.20).  In  view  of  our 
findings  on  the  subject,  this  appears  to  indicate  a  rela- 
tively greater  expenditure  of  30  per  cent  for  the  purpose 
of  giving  the  people  better  service. 

Finally,  it  is  highly  significant  to  note  that,  while  the 
public  plants  have  reduced  their  investment  per  dollar  of 
operating  income  by  17.5  per  cent,  from  $5.27  to  $4.35, 
the  companies,  when  the  street  lighting  income  has  been 
deducted  in  order  to  make  the  data  comparable,  have 
actually  increased  their  investment  per  dollar  of  operating 
income  from  $4.20  to  $4.60,  or  9.5  per  cent.  This  fact  fur- 
nishes us  tentative  proof  that  the  latter  are  not  keeping 
their  rates  higher  because  of  their  increased  investment, 
but  rather  that  they  are  investing  far  ahead  of  their  pres- 
ent returns.  The  public  plants,  on  the  contrary,  in  the 
light  of  the  facts  which  we  have  examined,  (a)  must  be 
charging  more  for  service  than  the  comparative  condi- 
tions would  warrant,  or  (b)  they  may  be  restricting  their 
investment  and  picking  their  business,  or  (c)  they  may 
simply  be  unusually  fortunate  in  the  territory  which  they 
happen  to  serve.  The  second  and  third  of  these  assump- 
tions have  already  been  found  to  be  true;  the  first  possi- 
bility will  be  presently  examined. 

Before  leaving  the  discussion  of  the  investment  statis- 
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tics,  attention  must  be  directed  to  one  other  important 
featm-e,  namely,  the  comparative  amount  of  new  con- 
struction found  in  the  two  groups  during  the  year  1914- 
15,  As  the  companies  keep  their  books,  the  gross  addi- 
tions to  plant  account,  including  renewals  from  deprecia- 
tion, was  $406,795,  or  8  per  cent  of  the  book  value.  The 
net  addition  during  the  year,  after  depreciation  and  all 
other  credits  have  been  deducted,  was  $267,345,  or  5.3 
per  cent  of  the  book  value.  This  was  36.5  per  cent  below 
the  average  annual  increase  in  investment  during  the  five- 
year  period,  $421,827  —  a  condition  which  can  probably 
be  accounted  for  by  the  abnormally  high  cost  of  material 
during  the  latter  portion  of  the  year. 

The  municipal  plants  report  a  gross  increase  in  plant 
account,  including  new  construction  from  all  sources  as 
well  as  renewals  from  depreciation,  of  $150,640,  or  6.8 
per  cent  of  the  depreciated  value.  But  the  net  addition  to 
plant  account,  after  depreciation  and  other  credits  have 
been  deducted,  is  only  $34,994,  or  1.6  per  cent.  This  is 
the  figure  comparable  wuth  the  5.3  per  cent  net  increase  in 
the  case  of  the  companies,  and  is  relatively  only  30  per 
cent  as  high  as  the  latter,  and  absolutely  only  13.1  per 
cent  as  great.  To  be  sure,  if  the  rate  of  depreciation  writ- 
ten off  had  been  as  low  in  the  municipalities  as  in  the  com- 
panies, this  net  increase  would  have  been  probably  from 
$50,000  to  $60,000  higher,  or  perhaps  about  4  per  cent  of 
the  depreciated  plant  account.  But  this  would  not  be 
an  accurate  comparison,  for  under  these  circumstances  we 
should  have  to  compare  the  addition  with  a  theoretical 
investment  in  plant  which  had  been  depreciated  at  the 
same  rate  as  the  company  plants. 

The  amount  actually  charged  to  construction  accounts 
during  the  year,  exclusive  of  any  payments  from  depre- 
ciation fund,  was  in  the  municipal  plants  $80,098.  This 
is  the  addition  which  appears  in  the  "total  plant  cost," 
and    should    probably   be    further   increased    by   about 
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$12,000  which  was  used  for  construction  out  of  earnings 
(not  inckiding  Holyoke,  of  course).  Thus  the  additions 
during  the  year  would  be  about  $92,000,  or  3.2  per  cent  of 
the  total  investment.  But  it  must  be  remembered  that  no 
depreciation  has  in  this  case  been  written  off.  The  figure 
most  nearly  comparable  in  the  case  of  the  companies 
would  be  the  gross  additions  to  plant  account  ($406,795) 
less  the  total  depreciation  written  off  ($49,232),^  or 
$357,563,  which  is  7.3  per  cent  of  the  total  investment  at 
the  beginning  of  the  year.  Reckoned  in  this  manner,  the 
addition  to  municipal  plants  during  the  year  would  be 
absolutely  only  26  per  cent  as  great  as  the  additions  to 
private  plants,  and  relatively  only  44  per  cent  as  great. 
Finally,  the  average  annual  increase  in  municipal  plant 
investment  during  the  past  five  years  has  been  $117,398, 
while  the  increase  in  total  plant  cost  for  1914-15,  as  car- 
ried on  the  books  ($80,098),  was  32  per  cent  less  than 
this  amount.  All  of  these  data  simply  confirm  the  above 
demonstrated  fact  that  the  public  plants  are  following  a 
very  conservative  policy  in  comparison  with  the  com- 
panies. Since  the  additions  during  the  year  were  relatively 
less  than  the  five  year  average  annual  additions  by  an 
almost  equal  ratio  in  both  groups  of  plants,  it  is  probably 
safe  to  assume  that  the  abnormal  market  conditions  were 
responsible  for  the  decrease. 

Brief  mention  should  be  made  of  the  balance  sheets 
of  the  two  groups.  The  12  municipal  generating  plants  in 
operation  in  1897  (the  first  year  when  the  data  are  clearly 
available)  showed  a  net  deficit  of  $82,558.  In  1900  the 
deficit  had  become  $172,833  for  14  plants,  and  in  five 
years  more  it  had  grown  to  $338,955  for  the  18  generating 

^  The  amount  of  depreciation  vyritten  off  \a  a,  given  year  by  a  group 
of  companies  does  not  necessarily  coincide  with  the  actual  charges  for 
depreciation  during  the  same  period.  This  is  due  to  the  fact  that  some 
plants  carry  their  depreciation  under  liabilities,  as  a  reserve,  frequently 
invested  in  the  business,  and  do  not,  therefore,  reduce  their  capital  ac- 
counts. 
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plants  under  consideration.  By  1910,  however,  the  net 
deficit  had  been  reduced  to  a  total  of  $281,796,  excluding 
Holyoke.  Of  the  17  plants  at  this  date  5  report  a  surplus 
of  $78,926  and  12  a  deficit  of  $360,722.  In  1915,  8  report 
a  surplus  of  $181,210,  while  9  show  a  deficit  of  $236,469, 
so  that  the  net  deficit  is  reduced  to  $55,259.^  Holyoke, 
with  a  little  surplus  of  $6,254  in  1910,  now  boasts  a  sur- 
plus of  $401,419,  apparently  due  to  the  fact  that  a  good 
share  of  its  maturing  indebtedness  has  been  paid  off  out 
of  earnings.  This  has  also  occurred  on  a  very  small  scale 
in  two  or  three  other  plants. 

The  relatively  rapid  growth  in  the  size  of  the  net  deficit 
after  1900  was  partially  occasioned  by  the  scrapping  of 
some  of  the  now  antiquated  equipment  which  had  been 
taken  over  a  few  years  previously  from  private  owners  — 
a  kind  of  depreciation  with  which  many  municipalizers 
have  failed  to  reckon,  and  which  makes  the  annual  rate 
of  depreciation  difficult  to  standardize.  Part  of  the  deficit, 
also,  has  been  the  result  of  inefficient  financial  management. 
The  figures  in  general  indicate  that  the  municipal  plants 
are  beginning  to  find  their  financial  feet,  largely  through 
a  policy  of  ultra-conservatism  during  the  past  few  years. 
As  a  number  of  them  cease  to  generate  current,  however, 
as  is  the  present  tendency,  they  will  find  themselves  bur- 
dened with  a  large  amount  of  "dead"  assets,  against  which 
they  have  to  date  been  able  to  make  no  provision. ^  Had 
the  public  plants  received  an  income  from  street  lighting, 
they  might  now  show  an  appreciable  surplus  since  they 
have  no  taxes  to  pay,  and  are  relieved  of  numerous  other 
expenses.  This,  however,  would  not  be  a  true  surplus,  as 
will  presently  be  made  clear.  ^ 

Of   the    17   companies  studied,  15  show  a  surplus  of 


1  In  the  case  of  composite  plants  the  surplus  or  deficit  has  been  roughly 
divided  according  to  the  ratio  which  the  total  cost  of  the  gas  plant  bears 
to  the  total  cost  of  the  electric  plant. 

2  Cf.  eh.  XI,  pp.  320-321.  *  Cf.  ch.  vii. 
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$800,528,  a  growth  of  52.3  per  cent  over  their  1910  surplus 
of  $525,734.  While  2  of  the  smaller  plants  (Buzzard's  Bay 
and  Vineyard)  reported  a  negligible  dejficit  at  both  dates, 
the  net  surplus  for  the  group  is  equal  to  15  per  cent  of 
the  entire  investment.  This  is  a  remarkably  good  showing 
as  compared  with  the  public  plants,  and  would  seem  to 
indicate  that,  as  so  goodly  a  surplus  has  been  built  up 
out  of  earnings,  the  financial  management  of  the  com- 
panies has  been  all  that  could  reasonably  be  desired,  even 
though  in  some  cases  it  may  not  have  been  ideal. 

As  to  the  methods  of  financing  their  business,  it  appears 
that  the  12  companies  doing  a  purely  electric  business  have 
59.5  per  cent  of  their  total  capital  and  loan  liabilities 
($3,563,964)  in  the  form  of  stock,  20.1  per  cent  in  notes, 

17.7  per  cent  in  bonds,  and  2.7  per  cent  is  represented  by 
premiums  realized  from  the  sale  of  capital  stock.  The 
outstanding  indebtedness  of  the  14  similar  municipal 
plants  ($1,351,682)  consists  of  82.2  per  cent  bonds  and 

17.8  per  cent  notes. 

Finally,  while  the  aggregate  indebtedness  of  the  munici- 
pal plants  has  increased  10.9  per  cent  during  the  past  five 
years,  the  ratio  which  this  bears  to  the  total  investment 
has  actually  decreased  from  60.3  per  cent  to  53.4  per  cent. 
This  is  accounted  for  by  the  fact  that  a  considerable 
portion  of  the  bonds  and  notes  have  been  paid  off  by 
means  of  appropriations  from  the  tax  levy,  and  in  a  few 
cases,  as  suggested  above,  by  payments  from  earnings. 
The  per  capita  indebtedness  has  remained  practically 
constant  ($7.85)  during  the  period,  and  the  ratio  which 
the  indebtedness  bears  to  the  total  municipal  indebtedness, 
for  all  purposes  (16.3  per  cent),  has  also  been  subject  to 
little  change  during  the  period. 

It  is  sufficiently  obvious  that  few  risks  are  now  being 
taken  by  the  municipalities.  The  public  lighting  business 
appears  to  have  been  in  a  relatively  quiescent  state  during 
the  past  few  years.    It  is  highly  probable,  however,  that 
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within  the  next  period  of  5  to  10  years  there  will  be  a  rapid 
debt  expansion,  occasioned  by  the  necessity  of  bringing 
the  equipment  up  to  date  and  meeting  the  needs  of  new 
business;  or,  in  lieu  of  that,  there  may  be  a  general  scrap- 
ping of  generating  plant,  and  a  resort  to  the  use  of  pur- 
chased current  wherever  possible. 

Summary 

The  more  important  findings  of  the  present  chapter 
may  be  briefly  summarized  as  follows: 

1.  Because  of  the  lack  of  uniformity  and  the  unsatis- 
factory  character  of  the  prescribed  accounting  methods, 
it  is  difficult  to  get  wholly  comparable  investment  figures. 
Those  chosen,  however,  will  if  anything  tend  to  put  the 
companies  at  a  disadvantage  in  relation  to  the  public 
plants. 

2.  It  is  evident  that  the  investment  in  the  private  plants 
has  increased  much  more  rapidly  during  the  five-year 
period  than  has  that  of  the  municipal  plants. 

3.  This  more  rapid  increase  in  investment  is  readily  and 
fully  accounted  for,  however,  by  the  growth  of  under- 
ground construction  in  the  former,  by  the  far  more  rapid 
increase  in  length  of  lines,  the  installation  of  a  propor- 
tionately greater  number  of  poles,  the  greater  increase  in 
the  size  of  generating  units,  the  more  rapid  increase  in 
number  of  customers  and  in  street  lights,  etc. 

4.  Though  the  investment  per  kilowatt  capacity  of 
dynamos  is  considerably  greater  for  the  companies,  this  is 
explained  by  some  of  the  reasons  just  mentioned,  as  well 
as  by  the  fact  that  their  investment  in  real  estate  is  much 
higher  relatively  than  that  of  the  other  group,  due  to  more 
adequate  stations,  etc.  In  fact  a  number  of  the  municipal 
plants  carry  no  account  for  land,  as  it  is  owned  by  the 
municipality,  and  many  of  their  buildings  have  been 
found  to  be  highly  unsatisfactory. 

5.  The  pubUc  plants,  in  spite  of  the  fact  that  they  are 
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purchasing  relatively  more  current  than  are  the  other 
group,  have  been  increasing  their  station  investment  far 
more  rapidly  than  their  line  investment,  while  the  opposite 
has  taken  place  in  the  companies.  But,  since  the  former 
have  been  shown  to  lag  behind  the  growth  of  the  com- 
munity rather  than  to  lead,  it  would  appear  that  we  have 
another  evidence  of  an  undue  attempt  to  restrict  the 
extension  of  service  only  to  the  more  promising  customers. 

6.  The  earlier  deficits  of  the  municipal  plants  are  being 
gradually  wiped  out,  largely  as  a  result  of  the  advantage 
gained  from  relatively  more  favorable  territory,  and  due 
also  to  an  unmistakable  policy  of  great  conservatism.  The 
companies,  on  the  other  hand,  though  they  have  taken 
greater  chances,  have  been  constantly  building  up  their 
surplus. 

7.  Holyoke,  in  the  matter  of  investment,  does  not,  in 
the  main,  seem  to  have  any  noticeable  advantage,  par- 
ticularly if  due  allowance  be  made  for  size  and  for  the  com- 
pact nature  of  the  territory  served.  As  it  will  appear  later, 
also,  there  is  now  need  of  a  greatly  increased  investment 
in  station. 


CHAPTER  VI 

FINANCIAL  STATISTICS  OF  GENERATING  PLANTS 

{continued) 

Operating  Expenses  and  Operating  Income 

The  point  has  now  been  reached  at  which  most  stu- 
dents of  the  subject  of  municipal  electric  Hghting  begin 
the  superficial  investigations  which  lead  to  their  hasty  con- 
clusions. To  the  writer,  however,  the  vital  issues  appear  to 
lie  much  too  deep  to  be  discovered  and  decided  by  a  mere 
examination  of  the  income  and  expense  accounts  together 
with  a  few  vague  generali2Jations  about  rates.  As  the 
most  obvious  function  of  public  service  commissions  is  that 
of  rate  regulation,  the  public  and  the  average  student 
usually  over-emphasize  this  one  aspect  of  the  problem,  for- 
getting, or,  rather,  not  even  surmising,  that  back  of  all 
this  specious  analysis  are  a  myriad  of  considerations,  some 
of  them  highly  technical  and  others  more  general,  which 
must  constantly  be  borne  in  mind  if  regulation  is  to  be 
anything  more  than  bhnd  restriction  or  futile  interference. 
The  investigator  who  attempts  to  decide  the  case  for 
or  against  municipal  ownership  by  the  elementary  study  of 
the  charge  for  service  and  its  apparent  cost  under  public 
operation  as  compared  with  that  of  similar  service  ren- 
dered by  private  enterprise,  is  accomplishing  little  more 
than  the  man  who  would  commit  suicide  by  shooting  at 
his  reflection  in  a  mirror.  The  one  who  compares  the  exist- 
ing rates  under  municipal  ownership  with  the  rates  which 
might  have  been  or  were  under  private  ownership,  and  so 
makes  out  his  case  for  one  side  or  the  other,  is  usually 
wasting  his  time.  With  regulation  such  as  we  find  in  Massa- 
chusetts, as  well  as  in  many  other  States  at  the  present 
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time,  it  is  generally  possible  for  the  people  to  secure  their 
full  pound  of  flesh  from  any  public  service  corporation 
whatever,  provided  they  avail  themselves  of  their  rights. 
Hence  we  are  primarily  concerned  with  what  isy  in  the 
matter  of  rates  and  costs,  and  with  what  has  been  and  will 
hey  in  the  matter  of  physical  equipment  and  extension  and 
conduct  of  service. 

Nevertheless,  since  a  reasonable  perspective  has  now 
been  developed,  it  will  be  worth  our  while  to  give  some 
attention  to  the  methods  and  results  of  operation  of  our 
groups  of  plants  during  the  year  1914-15,  with  occa- 
sional reference  to  the  year  1909-10,  Before  discussing  the 
price  paid  for  service  let  us,  accordingly,  analyze  the  cost 
of  that  service. 

1.  Unit  Costs  ^ 

The  total  operating  expenses  of  the  companies  per 
kilowatt  hour  delivered  ^  decreased  18.6  per  cent,  from 
4.386  cents  in  1910  to  3.572  cents  in  1915,  while  the  ex- 
penses of  the  public  plants  (Holyoke  excluded),  decreased 
from  4.340  to  3.766  cents,  or  13.2  per  cent.^  To  the  casual 
observer  this  might  seem  to  indicate  that  the  conditions 
are  about  the  same  in  the  two  groups,  and  that  the  public 
plants,  in  view  of  their  smaller  size,  are  making  a  relatively 
better  showing.  And,  indeed,  they  do  give  a  reasonably 
good  account  of  themselves. 

If,  however,  the  taxes  paid  by  the  companies  be  de- 
ducted, in  order  to  remove  one  of  the  most  obvious  addi- 

^  Appendix,  pp.  432-441,  446-447. 

^  "Delivered"  means  "sold"  in  the  case  of  the  companies  and  in 
reference  to  the  public  plants  it  includes  current  used  for  street  lighting 
as  well  as  ciurent  sold  to  commercial  customers.  Sometimes,  however, 
the  word  "sold"  is  used  indiscriminately  in  both  cases  to  include  all 
current  "delivered"  to  consumers,  whether  public  or  private. 

'  The  cost  per  kilowatt  hour  is  always  given  in  cents  or  decimals 
thereof;  but  it  hardly  seems  necessary  to  repeat  the  word  "cents"  each 
time  the  figures  are  given.  Likewise  the  expression  "unit  cost"  will 
ordinarily  be  used  instead  of  the  phrase  "cost  per  kilowatt  hour." 
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tional  expenses  which  the  cdmpames  incur,  since  municipal 
plants  are  not  taxed,  the  unit  costs  for  the  former  become 
4.100  in  1910  and  3.144  at  the  end  of  five  years  —  a  de- 
crease of  24  per  cent."^  In  other  words,  the  unit  operating 
expenses  of  the  municipal  plants  were,  in  1910,  about  6 
per  cent  higher  than  in  the  case  of  the  companies,  and, 
in  1915,  nearly  20  per  cent  higher.  While  there  has  been  a 
decrease  in  both  cases,  it  has  been  almost  twice  as  rapid 
for  the  private  plants.  If  we  should  go  further  and  deduct 
the  salaries  of  corporation  oflficials  (0.197  per  kilowatt  hour 
sold),  an  item  which  does  not  appear  in  the  municipal 
expenses,  the  unit  cost  of  the  companies  would  decrease 
to  2.947,  while  the  public  plants  would  show  a  figure  28 
per  cent  higher.  In  order  to  put  the  two  groups  on  an 
absolutely  equal  basis  for  the  purpose  of  studying  their 
operating  efficiency^  we  would  have  to  eliminate  a  number 
of  other  items  in  the  case  of  the  companies  and  make 
several  additions  in  the  case  of  the  municipalities.  But 
of  this  more  anon. 

Now,  to  be  sure,  some  allowance  should  be  made  for  the 
fact  that  the  companies  deliver  considerably  more  current 
than  the  other  group.  Yet  there  is  not  necessarily  much 
difference  between  the  total  unit  costs  of  a  plant  doing  a 
900,000  kilowatt  hour  business  annually  and  one  doing  a 
1,400,000  kilowatt  hour  business.  We  would  expect  a  far 
greater  difference  to  be  found  between  a  plant  which  de- 
livers 500,000  hours  and  one  which  delivers  900,000  hours. 
However,  the  public  plants,  which  increased  their  business 
from  a  little  more  than  500,000  hours  in  1910  to  nearly 
900,000  hours  at  the  end  of  five  years  reduced  their  unit 
costs  only  13.2  per  cent,  while  the  companies,  increasing 
their  current  sold  from  900,000  to  about  1,400,000  kilowatt 
hours,  reduced  their  costs  by  24  per  cent,  or  18.6  per  cent 
if  the  taxes  be  not  deducted  at  both  dates. 

1  The  unit  cost  for  taxes  increased  from  0.286  in  1910  to  0.428  in  1915, 
a  proportionate  growth  of  50  per  cent! 
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The  fact  that  the  two  groups  stood  so  close  together  in 
1910,  in  spite  of  the  difference  in  size,  so  far  as  the  writer 
has  been  able  to  investigate,  seems  to  speak  well  for  the 
public  plants,  and  prima  facie  it  might  be  said  that  the 
companies  were  not  being  operated  as  efficiently  as  they 
should  be.  But  the  wide  spread  between  the  two  at  the 
present  time,  when  only  the  taxes  paid  are  eliminated, 
seems  more  difficult  to  justify.  Part  of  the  comparative 
improvement  is  a  result  of  the  decreased  amount  of  current 
unaccounted  for  in  the  companies  and  the  correspondingly 
increased  amount  in  the  case  of  the  public  plants.  It  is 
also  the  result  of  more  businesslike  methods  of  operation 
along  other  lines.  We  must,  however,  analyze  the  different 
items  entering  into  the  expense  accounts  before  attempting 
to  draw  definite  conclusions. 


Table  26.  Operating  Expenses  per  K.W.H.  delivered 

(1914-1915) 


Class  of  expense 


(1) 

Companies 
(cents) 


Municipalities 
(cents)  1 


Per  cent  by 
which  (2) 
exceeds  (1) 


Total 

Taxes 

Salaries  of  officers 

Total  —  taxes  deducted 

Total  —  taxes  and  salaries  of  officers 

out 

Cost  of  distribution 

Cost  of  manufacturing  (per  K.W.H. 

made) 

Labor    at    station    (per   K.W.H. 

made) 

Fuel  of  every  kind  (per  K.W.H. 

made) 

Coa!  (per  K.W.H.  made) 

K.W.H.  generated  per  plant 

K.W.H.  delivered  per  plant 

K.W.H.   delivered    (street   lighting 
out) 

Operating  expenses  (dollars)  .... 

1  Holyoke  omitted 


3.572 
0.428 
0.197 
3.144 

2.947 
0.648 

1.376 

0.408 

(14)      0.808 
(12)      0.742 

1,650,091 
1,437,544 

1,232,050 

$872,935 


3.766 

3!766 

3.766 

0.782 

1.829 

0.626 

(17)    0.915 
(15)    0.933 

1,024,023 
881,914 

670,276 

i 

$562,643 


5.4 

20.0 

24.0 
20.7 

33.0 

53.0 

13.2 
26.0 

—37.9 
—38.8 

—45.6 

—35.5 


here  as  elsewhere. 
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Table  26  presents  in  a  concise  way  some  of  the  general 
relations  which  the  operating  costs  in  the  two  groups  bear 
to  each  other.  It  is  significant  to  note  that  in  all  of  the 
important  items  the  companies  show  a  greater  economy 
in  operation.  Reference  will  from  time  to  time  be  made 
to  these  relations. 
'  To  begin  with  the  manufacturing  costs,  ^  we  find  that 
the  graphs  are  surprisingly  parallel  for  the  two  groups, 
though  the  unit  cost  of  the  public  plants  (1.829)  is  33  per 
cent  higher  than  that  of  the  companies  (1.376).  In  each 
case,  three  of  the  plants  generating  less  than  600,000 
kilowatt  hours  are  abnormal  —  two  are  unusually  low, 
due  to  the  fact  that  water  power  or  oil  is  used  instead  of 
coal,  and  one  is  unusually  high.  Were  these  plants  elim- 
inated, the  curves  would  be  fairly  close  together,  with  the 
companies  usually  running  somewhat  lower.  If  the  one 
extreme  case  of  Buzzard's  Bay  were  left  out,  the  curve 
would  be  markedly  lower  for  the  companies  generating 
less  than  1,000,000  hours  than  for  the  corresponding  mu- 
nicipal plants.  For  plants  with  an  output  between  1,000,- 
000  and  2,500,000  hours  there  seems  to  be  little  evidence 
of  decreasing  costs  because  of  increasing  size  in  either 
group.  This  tendency  is  most  marked  for  plants  having 
under  500,000  kilowatt  hours  output,  although  it  is  plainly 
to  be  seen  till  the  1,000,000  size  is  reached. 

Excluding  Holyoke,  one  of  the  municipal  plants,  Mid- 
dleborough,  uses  some  gas  and  a  good  deal  of  water  for 
generation  of  current,  and  Mansfield  uses  nothing  but  fuel 
oil.  Hence  these  must  be  eliminated  if  we  wish  to  secure 
comparable  data  for  fuel  costs.  Of  the  companies,  like- 
wise, three  generated  what  little  current  they  made  by 
means  of  water  power  wholly,  and  so  must  be  left  out, 
together  with  two  others,  one  of  which  used  a  consider- 

^  The  "manufacturing"  cost,  as  required  in  the  returns,  covers  all 
the  expenses  "at  station"  connected  with  the  making  of  current,  in- 
cluding rentals,  repairs,  and  maintenance  of  plant. 
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able  proportion  of  oil  and  the  other  some  water  wheels. 
Having  made  these  adjustments,  we  find  the  cost  of  coal 
to  be  0.742  for  the  12  companies,  and  0.933,  or  26  per  cent 
higher  for  the  15  public  plants.  If  all  fuel  of  every  kind, 
as  well  as  water  power  rentals,  be  included,  the  averages 
are  0.808  for  14  of  the  former,  and  0.915,  or  13.2  per  cent 
higher  for  17  of  the  latter.  The  fuel  cost  amounts  in  the 
one  case  to  58.6  per  cent  of  the  total  manufacturing  ex- 
penses, and  in  the  other  case  to  50  per  cent. 

The  chart  includes  the  fuel  costs  of  all  plants  reporting 
this  item.  The  two  low  points  on  the  municipal  plant 
graph  between  400,000  and  600,000  are  accounted  for  by 
the  two  plants  above  referred  to,  using  oil  and  mostly 
water.  If  these  are  eliminated,  as,  of  course,  they  should 
be,  the  curve  would  conform  much  more  closely  to  that 
of  the  companies  for  plants  having  less  than  1,000,000 
kilowatt  hours  output.  As  the  three  small  plants  of  the 
latter  group,  which  use  only  water  power,  do  not  appear 
in  the  graph,  the  number  of  cases  taken  is  so  small  that 
it  is  futile  to  attempt  any  comparisons  at  this  point.  For 
the  larger  plants,  however,  with  the  noticeable  exception 
of  Weymouth,  the  companies  all  show  a  considerably  lower 
fuel  cost  than  the  public  plants. 

According  to  an  earlier  chart  the  private  plants  have, 
on  the  average,  some  advantage  in  the  number  of  watts 
generated  per  pound  of  coal,  or,  expressed  differently,  they 
are  using  about  15  per  cent  less  coal  per  kilowatt  hour 
(4  pounds)  than  are  the  municipal  plants  (4.690  pounds). 
They  also  appear  to  be  getting  their  coal  for  a  somewhat 
lower  price  per  ton  than  the  other  group,  $4.15  for  the 
12  companies  as  opposed  to  $4.46,  or  7.4  per  cent  more,  for 
the  public  plants.  (If  all  of  the  coal  bought  by  the  two 
groups  is  included,  the  excess  of  cost  for  the  pubhc  plants 
becomes  only  5  per  cent  —  $4.46  as  against  $4.25  for  the 
other  group).  But,  when  we  compare  this  excess  in  price 
paid  per  ton  with  the  excess  in  unit  costs  (26  per  cent). 
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we  can  see  clearly  what  was  not  altogether  evident  in  the 
former  chapter,  that  it  must  be  a  question  of  appreciably 
better  fuel  economy  in  the  companies,  secured  by  the  more 
liberal  use  of  economic  appliances  and  by  the  exercise  of 
greater  care,  for  the  load  factors  of  the  larger  plants  are 
about  the  same  in  either  case,  and  yet  these  are  the  ones 
which  show  the  widest  divergence  in  cost  for  this  item. 
Nor  does  it  seem  that  there  is  any  particular  tendency 
toward  decreasing  unit  costs  of  fuel  for  plants  ranging  in 
output  from  1,000,000  to  about  2,500,000  kilowatt  hours. 
Consequently  the  advantage  possessed  by  the  private  plants 
can  scarcely  be  attributed  to  mere  size. 

In  this  connection  attention  must  be  called  to  the  sur- 
prising fact  that  Holyoke,  notwithstanding  its  size,  and 
even  though  it  uses  some  water  power,  is  surpassed  in  fuel 
economy,  according  to  this  unit  cost  analysis,  by  one  other 
public  plant,  and  by  three  private  plants.  Its  cost,  includ- 
ing water  power  rental,  is  0.669,  while  that  of  Taunton  is 
0.664.  Of  the  other  group  Plymouth  shows  a  cost  of  0.646, 
though  it  is  one  seventh  the  size  of  Holyoke,  North  Adams, 
0.618,  and  Attleborough,  0.581. 

The  other  important  item  in  the  manufacturing  ex- 
penses, "wages  at  station,"  presents  some  interesting 
relations.  In  the  first  place,  while  it  constituted  30  per 
cent  of  the  total  station  costs  in  the  case  of  the  companies, 
and  34.2  per  cent  in  the  municipalities,  its  unit  cost  was 
relatively  53  per  cent  higher  in  the  latter  than  in  the 
former.  This  is  really  a  surprisingly  large  difference.  To 
be  sure,  the  number  of  pounds  of  coal  handled  per  kilo- 
watt hour  generated  is  from  12  to  15  per  cent  greater  in 
the  public  plants,  and  a  rough  relation  might  be  expected 
to  exist  between  the  station  wages  and  the  amount  of 
coal  consumed.  This,  however,  would  not  be  enough  to 
account  for  the  divergence. 

Upon  an  examination  of  the  accompanying  graphs,  it 
becomes  sufficiently  obvious  that,  while  there  is  a  close 
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correspondence  between  the  unit  costs  for  labor  in  both 
groups  for  plants  generating  more  than  1,000,000  kilowatt 
hours,  the  companies  under  this  size  have  a  decided  advan- 
tage over  the  municipal  plants.  If  the  one  extreme  case  of 
Buzzard's  Bay  be  omitted,  the  graph  for  the  private  plants 
runs  invariably  much  lower  at  this  stage.  On  the  other  hand, 
if  the  three  companies  generating  by  means  of  water  power 
be  left  out,  though  they  are  too  small  to  have  any  notice- 
able effect  upon  the  averages,  the  curves  would  not  be  so 
far  apart.  But  the  company  graph  would  still  run  lower, 
particularly  when  we  eliminate  the  oil  using  plant  of  Mans- 
field, and  Merrimac,  which  probably  secures  some  unac- 
counted for  labor  from  the  water  department,  perhaps 
included  in  the  item  "rent  of  station." 

Upon  the  whole  it  appears  that  the  chief  reason  for  the 
higher  station  wages  of  the  public  plants  is  due  to  the 
fact  that  so  large  a  proportion  of  them  are  smaller  than 
the  companies,  and,  with  two  exceptions,  are  all  using  coal 
for  generation,  while  three  of  the  smaller  companies  use 
water  power,  and  thus  keep  this  cost  item  comparatively 
low.  Yet,  in  several  instances,  the  graph  runs  unreason- 
ably high  for  the  public  plants.  The  eight-hour  municipal 
day,  possibly  higher  wages,  —  the  companies  do  not  return 
the  rate  of  wages  which  they  pay,  —  and  the  slightly 
poorer  load  factor  of  the  latter,  may  further  help  to  explain 
the  difference,  without  recourse  to  the  time-honored  and 
threadbare  argument  that  public  labor  is  less  efl&cient  than 
private  labor.  ^  Finally,  since  the  station  wages  of  the 
larger  plants  in  both  groups  are,  for  the  most  part,  not 
far  apart,  it  would  not  appear  that  there  has  been  a  greater 
utilization  of  labor-saving  devices  by  one  than  by  the  other. 

Of  the  remaining  items  entering  into  the  manufacturing 
expenses,  little  need  be  said.  It  appears  that  the  public 
plants  are,  with  two  exceptions,  paying  for  the  water 

1  The  local  survey,  however,  has  convinced  the  writer  that  there  is 
a  good  deal  of  truth  in  the  "eflSciency  "  argument. 
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which  they  use,  though  at  a  somewhat  lower  rate  than  is 
paid  by  the  other  group  (0.029  as  compared  with  0.035), 
due  to  the  fact  that  the  municipalities  seem  to  be  maldng 
their  electric  plants  a  lower  rate  than  is  customary.  Their 
expenses  for  oil  and  waste  (0.032)  are  60  per  cent  higher 
than  the  companies  incur  (0.019),  and  for  distribution 
tools  and  appliances  they  are  spending  three  times  as 
much  as  the  latter  (0.032  as  opposed  to  0.012).  The  differ- 
ence in  the  first  case  is  probably  largely  the  result  of  the 
economies  which  arise  from  greater  output  of  current  per 
plant,  while  in  the  second  case  it  seems  to  be  partially 
waste.  For  repairs  of  all  kinds  at  station  ("  station  struc- 
ture, steam  plant,  and  electric  plant"),  the  apparently 
higher  cost  of  the  municipal  plants  is  mostly  accounted  for 
by  the  fact  that  Hull  charged  the  installation  of  a  new 
boiler  to  the  operating  accounts.  With  this  anomaly  elim- 
inated, the  items  are  not  far  apart,  0.141  for  the  pubUc 
plants  and  0.115  for  the  companies.  The  difference  can 
probably  be  accounted  for  by  the  greater  output  of  the 
latter.  The  current  purchased  costs  about  the  same  in 
both  cases,  1.500  in  the  former  and  1.636  in  the  latter. 

The  expenses  of  "distribution,"  as  returned  to  the 
Board,  are  too  indefinite  to  lend  themselves  to  any  con- 
clusive analysis.  The  accounts  are  not  similarly  kept  by 
the  two  groups,^  and  many  of  the  individual  returns  are 
open  to  serious  question.  In  the  first  place,  the  wage  item 
for  the  companies  is  supposed  to  include  "wages  for  care 
of  lights,  meters  and  motors,  meter  reading,  clerical  labor, 
and  salary  or  commission  of  collectors."  In  the  municipal 
returns  the  directions  are  very  vague  on  this  point  — 
"wages  for  care  of  lights,  meters,  clerical  labor,  etc.," 
with  probably  a  good  deal  of  emphasis  on  the  et  cetera. 
Wages  of  linemen  are  supposed  to  be  entered,  not  here, 
but  under  "repairs  and  renewals  of  lines."  In  the  case  of 
the  companies,  however,  these  wages  were  formerly  en- 
^  Since  1915  there  has  been  some  improvement  in  this  regard. 
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tered  under  the  general  item  of  distribution  wages,  and 
probably  some  of  them  still  follow  this  policy,  and  so 
cause  their  "wages"  to  appear  unduly  large  and  their 
"repairs  and  renewals  of  lines"  abnormally  small.  But, 
in  practice,  there  seems  to  be  much  overlapping  in  the  case 
of  the  wages  reported,  particularly  in  the  smaller  plants. 
Some  of  the  employees  are  doubtless  "jacks  of  all  trades," 
and,  from  station  expenses  to  general  office  expenses,  it  is 
largely  a  matter  of  chance  where  their  wages  shall  appear 
and  how  the  distribution  shall  be  made. 

In  1915,  for  the  first  time,  the  companies  were  required 
to  keep  the  "maintenance  and  renewals  of  street  lamps 
separate  from  that  of  commercial  lamps,  and  a  separation 
is  also  made  between  "repairs  and  renewals  of  fines  and 
conduits,"  and  "repairs  and  renewals  of  meters  and  trans- 
formers." The  municipalities,  on  the  other  hand,  are  re- 
quired to  make  no  such  separations.  They  return  only  the 
items  of  "repairs  of  lines,  arc  lamps,  and  meters,"  which 
corresponds  only  roughly  to  the  two  items  just  mentioned 
for  the  companies,  and  "incandescent  lamps,"  which  in- 
cludes both  municipal  and  commercial  lamp  maintenance 
and  renewals,  though  the  arcs  appear  in  the  preceding 
entry.  About  the  only  thing  to  do  under  the  circumstances, 
is  to  group  together  all  of  the  items  of  repair  and  renewals 
or  maintenance  in  each  case,  as  the  writer  has  done  in  the 
table  appended.  There  is  absolutely  no  way  of  discover- 
ing how  much  of  the  aggregate  expense  is  maintenance 
and  how  much  is  renewal.  Nor  can  anything  more  than 
the  roughest  guess  be  made  as  to  how  much  of  the  cost  is 
due  to  material  and  how  much  to  labor. 

Bearing  in  mind  the  uncertainties  involved,  we  note  that 
the  reported  wages  are  26.5  per  cent  higher  for  the  com- 
panies (0.181)  than  for  the  municipal  plants  (0.143).  But, 
as  has  been  suggested,  probably  some  of  the  linemen's 
wages  are  here  included  by  the  former,  and  it  may  be  that 
the  latter  report  elsewhere  wages  which  should  be  entered 
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here.  One  municipal  plant,  Merrimac,  reports  no  distribu- 
tion wages  whatever.  The  individual  anomalies  are  so 
numerous  that  it  would  be  hopeless  to  try  to  account  for 
them,  except  that  it  may  be  generally  stated  that  when 
the  commercial  and  street  lighting  business  is  proportion- 
ately large,  the  wages  are  found  to  be  higher. 

For  distribution  tools  and  equipment,  it  also  appears 
that  the  public  plants  are  paying  about  50  per  cent  more 
than  the  companies.  There  seems  to  be  no  rule  or  reason 
for  the  anomalies  which  here  present  themselves. 

The  expenses  for  repairs  and  renewals  of  all  kinds  run 
30  per  cent  higher  for  the  municipal  plants  (0.494  as  op- 
posed to  0.375).  This  seems  to  be  a  rather  large  differ- 
ence in  view  of  the  fact  that  the  municipal  plant  lines  are 
not  so  widely  extended  as  those  of  the  companies,  and  that 
they  do  not  have  relatively  so  many  poles  to  look  after. 
But,  as  suggested  above,  perhaps  a  greater  proportion  of 
wages  is  entered  here.  The  advantages  which  the  com- 
panies have  can  be  accounted  for  partially  by  the  fact  that, 
in  view  of  their  recent  rapid  extensions,  their  distribution 
equipment  is  comparatively  much  newer  than  that  of  the 
other  group,  and  partially  to  the  fact  that  not  all  of  their 
linemen's  wages  are  reported  in  this  item.  In  this  case  the 
underground  construction,  while  highly  important  for  the 
individual  plants,  does  not  seem  to  have  much  influence 
in  reducing  the  expenses,  since  it  is  found  principally  in 
only  two  plants,  and,  strange  to  say,  one  of  these,  Glouces- 
ter, reports  a  unit  cost  (0.891)  more  than  double  the 
average  for  the  group. 

Probably  this  is  one  of  the  instances  in  which  the  public 
plants  are  not  so  highly  favored  as  far  as  their  labor  costs 
are  concerned.  This  is  a  more  highly  specialized  kind  of 
work,  and  it  would  be  rather  difficult  to  combine  the  duties 
of  a  clerk  or  day  laborer  with  those  of  a  lineman.  Hence 
there  is  doubtless  less  overlapping  here  than  elsewhere. 
Furthermore,  experience  and  observation  teach  us  that 
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municipal  employees  who  have  work  to  do  along  the  pub- 
lic highways,  whether  it  be  repairing  lines,  setting  poles, 
transplanting  trees,  or  even  shoveUing  dirt,  are  particularly 
prone  to  soldier  on  the  job.  Difference  in  size  of  plants 
would  play  little  if  any  part  in  this  item,  for  there  is  a  fairly 
close  relation  between  the  extent  of  the  distribution  sys- 
tem and  the  amount  of  current  delivered.  Countless  local 
considerations  may  affect  the  situation.  It  is  true  also  that, 
in  some  cases,  because  of  more  careless  initial  installation 
the  municipal  plants  now  find  it  necessary  to  expend  more 
on  repairs.  Definite  conclusions  could  be  drawn  only 
after  a  careful  study  of  this  item  over  a  period  of  years. 
The  year  taken  may  not  be  typical. 

The  distribution  cost  graph  of  the  companies,  with  the 
exception  of  Gloucester  and  Quincy,  which  do  primarily  a 
lighting  business,  runs  for  the  most  part  lower  than  the 
municipal  plant  graph  at  all  stages,  but  the  difference  is 
most  noticeable  for  the  smaller  plants.  Mere  size  of  plant 
and  extent  of  business  seem  not  to  enter  into  the  differ- 
ences which  here  exist,  unless  in  an  indirect  way. 

Among  the  expenses  which  the  writer  has  classified  as 
"management  and  miscellaneous,"  the  item  of  "general 
salaries"  seems  to  include  the  wages  of  most  of  the  "soft 
handed"  employees  as  well  as  the  salaries  of  the  munici- 
pal managers.  This  cost  appears  to  be  almost  twice  as 
high  in  the  municipal  plants  (0.270)  as  in  the  companies 
(0.146).  The  difference  may  be  in  some  measure  due  to  the 
fact  that  the  latter  are  larger,  for  the  necessary  number  of 
salaried  employees  does  not  change  greatly,  even  with  a 
considerable  increase  in  amount  of  current  sold.  Fur- 
thermore, there  may  be  inaccuracy  in  the  returns,  — 
some  of  the  salaries  belonging  here  are  perhaps  hidden 
in  the  "general  office  expenses"  of  the  companies  which  are 
comparatively  high.  On  the  other  hand,  the  public  plants 
have  probably  entered  under  this  head  some  of  the  wages 
which  should  have  been  included  in  distribution  wages. 
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which,  it  will  be  recalled,  were  unexpectedly  low.  There 
might  also  be  a  certain  number  of  municipal  employees 
serving  as  ornaments  and  thus  padding  the  pay  rolls.  And, 
finally,  some  of  the  corporation  officials  are  doing  work 
which  would  ordinarily  be  performed  by  salaried  employees. 

It  is  instructive  to  observe  that  the  "officers'  salaries" 
of  the  companies  (0.197)  exceeds  the  "general  salaries" 
by  35  per  cent,  and  that  the  sum  of  these  two,  0.343,  is 
27  per  cent  higher  than  the  "general  salaries"  of  the  public 
plants.  Also,  salaries  of  the  municipal  light  boards  (0.022), 
of  which  12  are  receiving  some  remuneration,  exactly  coin- 
cide with  the  allowances  for  directors  of  the  companies. 

The  general  office  expenses  are,  as  has  been  suggested, 
70  per  cent  higher  in  the  companies  (0.230)  than  in  the 
other  group  (0.135).  This  difference  may  be  due  (a)  to 
inaccuracy  in  entering  the  wage  items  in  the  returns,  (b) 
to  wasteful  expenditure  on  the  part  of  the  companies,  and 
(c)  probably  in  large  measure  to  the  fact  that  many  of  the 
companies  do  a  good  deal  of  advertising  and  soliciting  of 
new  business,  whereas  the  public  plants  rarely  indulge 
in  this  form  of  expense. 

It  must  be  further  noted  in  considering  this  question 
that  a  number  of  the  public  plants  have  their  offices  in 
municipal  buildings,  for  which  they  pay  no  rent.  The 
total  amount  of  office  rental  paid  by  them  is  only  0.007, 
while  that  paid  by  the  companies  is  0.034.  This,  to  be  sure, 
is  a  very  small  item;  but  occasionally  some  of  the  public 
plants  also  receive  other  free  service  along  with  this  free 
room,  which  will  help  to  keep  the  office  expenses  low. 

Only  three  municipal  plants,  besides  Holyoke,  report  any 
auditor's  fees.  And,  since  no  charge  to  this  account  could 
well  be  hidden  in  the  general  office  expenses,  which  run  so 
low,  there  is  good  presumptive  evidence  that  a  number  of 
the  plants  receive  free  service  from  the  municipal  auditor 
or  accountant,  as  is  the  customary  procedure.^  In  like 
*  This  presumption  was  fully  confirmed  in  the  local  survey. 
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manner  the  law  expenses,  which  amount  to  0.019  in  the 
companies,  are  almost  too  small  to  be  recorded  in  the  other 
group.  While  this  may  mean  that  there  are  no  legal  ex- 
penses in  the  latter,  it  may  also  indicate  that  the  services 
of  the  city  solicitor  are  utilized  gratis.  No  note  seems  ever 
to  be  made  of  the  fact  that  the  town  or  city  treasurer 
contributes  a  great  deal  of  valuable  time  to  the  business 
of  handling  the  funds  and  loans  of  the  municipal  plants. 
In  the  companies  a  good  deal  of  such  work  would  be  given 
over  to  a  high  salaried  officer. 

In  the  matter  of  bad  debts  there  seems  to  be  little  to 
choose  between  the  two  groups,  and  the  insurance  charges 
are  also  about  the  same.  The  taxes  paid  by  the  companies, 
0.428,  seem  to  bear  absolutely  no  relation  to  the  amount 
of  investment  in  plant  or  the  extent  of  business  done. 
The  lowest  unit  cost  for  this  item  is  found  in  two  of  the 
smaller  plants,  Lee  (0.116)  and  Buzzard's  Bay  (0.147); 
but  the  next  lowest  cost  is  that  of  North  Adams  (0.171), 
which  has  the  largest  output  of  all.  On  the  other  hand, 
the  smallest  plant  of  the  group,  Citizens',  shows  the  high- 
est expenditure  for  taxes  per  kilowatt  hour  delivered, 
1.205,  and  one  of  the  largest  plants,  Beverly,  comes  next 
with  an  expense  of  0.849  under  this  head. 

So  far  as  the  total  operating  costs  are  concerned,  there 
is  little  correspondence  between  the  graphs  of  the  two 
groups.  When,  however,  we  eliminate  the  two  extremely 
high  companies,  Gloucester  and  Quincy,  and  the  two  ab- 
normally low  ones,  Lee  and  Winchendon,  as  well  as  the 
extraordinarily  high  municipal  plant  of  Hull,  the  curves 
come  reasonably  close  together,  with  the  companies  having 
only  a  slight  advantage  under  1,000,000  and  a  consid- 
erable disadvantage  from  that  point  to  3,000,000.  The 
latter  appear  to  make  no  remarkable  showing,  particu- 
larly in  the  case  of  the  larger  plants. 

Now,  in  view  of  the  considerably  lower  costs  of  manu- 
facture and  distribution,  it  is  evident  that  the  higher  man- 


194  MUNICIPAL  ELECTRIC  LIGHTING 

agement  and  miscellaneous  expenses  (1.548  as  contrasted 
with  1.155  in  the  public  plants),  are  responsible  for  the 
fact  that  the  companies  have  on  the  average  so  slight 
an  advantage  (3.572)  over  the  municipal  plants  (3.766). 
Nor  is  this  higher  cost  at  this  point  the  result  of  an  ex- 
cess expenditure  of  the  former  over  the  latter  in  items  com- 
mon to  both.  It  is  rather  accounted  for  by  additional 
expenses  not  found  in  the  returns  of  the  public  plants. 
The  effect  of  taxes  and  salaries  of  officers  has  already  been 
referred  to.  In  addition,  higher  office  expenses,  though 
probably  justified,  higher  legal  expenses,  higher  rentals, 
all  unite  to  make  the  showing  of  the  companies  worse  in 
comparison  with  the  municipal  plants. 

When  the  more  obvious  deductions  are  made  so  that 
we  can  compare  the  operating  efficiency  of  the  two  groups, 
we  find  that  while  the  management  and  miscellaneous 
expenses  run  somewhat  lower  for  the  companies  (0.923) 
than  for  the  other  group  (1.155),  the  difference  is  not  much 
more  than  would  be  expected  as  a  result  of  their  greater 
size.  The  very  fact  that  they  are  private  concerns  renders 
it  necessary  for  them  to  incur  some  expenses  which  munici- 
pal plants,  by  reason  of  their  public  ownership,  would 
not  be  subject  to. 

Furthermore,  the  law  of  decreasing  costs,  which  appears 
to  assert  itself  in  the  routine  part  of  the  business,  particu- 
larly in  the  generation  of  current,  is  of  rather  doubtful 
application  with  regard  to  the  important  items  entering 
into  the  miscellaneous  expenses,  including  taxes. 

Upon  the  whole,  however,  the  writer  does  not  feel  that 
the  companies,  in  spite  of  their  apparently  better  physical 
development,  have  done  so  well  in  their  actual  operation 
as  might  have  been  expected  under  more  efficient  manage- 
ment and  less  "control."  The  municipal  plants,  on  the 
contrary,  seem  in  general  to  have  been  operated  with  a 
higher  degree  of  efficiency  than  might  be  expected. 

So  far  as  Holyoke  is  concerned,  the  writer  does  not 
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Table  27.  Percentage  Analysis  of  Expenses 

(GENERA.TING  PlANTs) 


Companies 

Municipalities 

Holyoke 

Kind  qf  expense 

'  Amourd 

Per  cent 
oj  total 

Amourd 

Per  cent 
oJ  total 

Per  cent 
of  total 

I.  Operating  expenses  — 
General  analysis . 

Manufacture 

Purchase  of  current 

Distribution 

Office  expenses  and 
management .... 

Miscellaneous 

Taxes 

$386,109 

30,239 

158,465 

153,755 

39,776 

104,591 

44.4 
3.5 

18.2 

17.6 

4.5 

12.0 

$308,937' 

35,491 

117,794 

65,428 
25,596 

55.8 

6.4 
21.3 

11.9 
4.6 

70.7 

16.9 

11.5 
1.7 

Total 

Total  —  taxes 
deducted 

II.  Operating  expenses  — 
Detailed  analysis 
(taxes  out) 
Fuel 

$872,935 
$768,344 

$220,204 
114,590 
32,244 
30,239 
44,236 
91,633 

22,596 
35,781 

48,201 

5,388 

56,158 

30,703 

8,228 

28,143 

28.7 

14.9 

4.2 

4.0 

5.8 

11.9 

2.9 
4.7 
6.3 

0.7 

7.3 
4.0 
1.1 
3.7 

$553,246 

$158,648 
109,048 
24,5631 
35,491 
21,366 
74,094 

22,328 
40,750 

3,167 

20,285 

19.507 

1,120 

22,879 

28.7 

19.7 

4.4 

6.4 

3.9 

13.4 

4.0 
7.4 

0.6 

3.7 
3.5 
0.2 
4.1 

49  8 

Wages  at  station .  . 

Repairs  at  station . . 

Current  purchased. 

Distribution  wages. 

Repair  of  lines .... 

Distribution   tools 
and  equipment .  . 

General  salaries .  .  . 

Salary  of  officers . . . 

Directors'  allow- 
ances   

16.2 
3.7 

'5.1 
10.3 

1.3 

7.7 

Salary  of  munici- 
pal light  boards . . 

General  office  ex- 
penses   

•   •   ■ 

3  8 

Insurance 

1  2 

Rent  of  offices 

All  other  expenses. . 

1.3 

Total 

$768,344 

$553,246 

»  Hull,  new  boiler,  $9,397,  omitted. 
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believe  that,  judging  by  the  statistics,  any  remarkable 
showing  has  been  made  when  we  consider  the  unusually 
favorable  district  which  this  plant  serves.  No  particular 
effort  seems  to  have  been  exerted  to  develop  new  terri- 
tory, and  the  amount  of  business  done  in  1914-15  was 
actually  less  than  in  the  preceding  year."^ 

The  accompanying  percentage  analysis  of  expenses 
(Table  27)  shows  the  relation  which  the  more  important 
items  discussed  bear  to  each  other.  It  appears  that  the 
items  of  cost  other  than  manufacture,  distribution,  and 
purchase  of  current,  constitute  a  very  large  proportion  of 
the  total  outlay  of  the  companies,  34.1  per  cent,  as  com- 
pared with  only  16.5  per  cent  for  the  municipal  plants.  It 
is  rather  surprising  to  find  the  proportion  spent  for  fuel, 
when  taxes  have  been  deducted,  exactly  the  same  in  the 
two  groups.  The  total  expenditure  for  wages  and  salaries, 
including  directors'  allowances  and  the  salaries  of  the 
municipal  light  boards,  is  for  the  companies  32.4  per  cent 
of  all  outlays,  and  for  the  municipalities  31.5  per  cent. 
Taxes  and  salaries  of  officers,  it  will  be  observed,  account 
for  one  sixth  of  the  operating  expenses  of  the  former. 

2.  Rates  and  Income* 

The  public  in  general  are  more  interested  in  the  prices 
which  they  pay  for  service  than  in  the  cost  of  that  service 
to  those  who  supply  it.  Too  frequently  a  municipal  plant 
is  considered  a  success  simply  because  its  rates  are  low,  and 
a  private  plant  is  condemned  because  its  charges  are  high. 
Whether  the  pressure  exerted  by  customers  for  the  reduc- 
tion of  rates  is  greater  in  the  case  of  the  former  than  the 
latter,  it  would  be  difficult  to  say.  Undoubtedly,  how- 
ever, without  the  proper  legal  restraints,  a  publicly  owned 
plant,  by  virtue  of  the  fact  that  it  can  cover  up  its  losses 
in  the  tax  levy,  would  be  more  subject  to  such  influences 

*  In  the  following  year  (1915-16),  there  was  a  very  marked  increase. 

*  Appendix,  pp.  442-453. 
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than  a  private  concern.  But,  with  such  laws  as  are  found 
in  the  state  of  Massachusetts,  it  is  practically  impossible 
for  municipalities  to  lose  money  on  their  electric  business 
as  a  result  of  charging  too  little  for  the  services  rendered 
{they  cannot  sell  below  cost),  provided  they  conform  to  the 
requirements  of  the  statute  as  discussed  in  an  earlier 
chapter;^  nor  are  they  expected  to  make  any  considerable 
profit.^  On  the  other  hand,  it  is  comparatively  easy  to 
force  the  companies  to  make  such  charges  as  shall  leave 
them  only  a  "fair"  return  upon  a  conservative  invest- 
ment.^ Hence  we  should  not  look  for  any  marked  differ- 
ences in  rates  between  the  two  groups.  Accordingly,  it 
appears  that  while  the  companies  reduced  their  unit  oper- 
ating expenses  18.6  per  cent  during  the  period  studied,  their 
total  income  per  kilowatt  hour,  from  the  sale  of  current 
for  all  purposes,  has  decreased  15.7  per  cent.  The  munici- 
pal plants,  however,  while  reducing  their  unit  costs  by 
an  amount  equal  to  13.2  per  cent,  have  lowered  their 
average  rates  25.3  per  cent,  or  about  60  per  cent  more 
rapidly  than  the  former  group.  But  it  must  be  noted  that 
their  rates  in  1910  were  much  higher  than  the  company 
rates,  and  that  the  reduction  in  their  average  rate  has 
been  occasioned  almost  wholly  by  the  growth  of  their 
power  business. 

Table  28  shows  the  close  correspondence  in  average 
rates  at  the  present  time.  The  spread  between  the  total 
operating  income  per  kilowatt  hour  sold  in  each  group, 
is  practically  negligible.  But  when  the  income  from  other 
sources  than  the  sale  of  current,  such  as  steam  heating 
and  rentals,  if  such  there  be,  as  well  as  the  street  lighting 
income  in  the  case  of  the  companies,  has  been  deducted, 
the  unit  income  is  found  to  be  5.461  for  the  latter,  and 
6  per  cent  higher,  or  5.786,  for  the  municipal  plants.  This 
difference  is  not  noticeably  greater  than  the  difference  in 
the  unit  costs.  Finally,  if  only  the  income  from  the  com- 
^ »  P.  45.         ^   *  Mass.,  1914,  ch.  742,  sect.  115.         »  Ilnd.,  sect.  162. 
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Table  28.  Income  peb  K.W.H.  sold  (Holtoke  excluded) 


Item 


Total  operating  income 

Total  operating  iucome  (street 

lighting  out) 

Total  from  sale  of  current 

Total  from  sale  of  current 

(street  lighting  out) 

Commercial  light  and  power 

Commercial  lighting  i 

Street  lighting 

Power 

Sales  to  other  companies. . 

Net  income 

Net  income  (street  lighting  out) 

Operating  income  (dollars) . . . 
Operating  income  (street  light- 
ing out) 

Net  income  (dollars) 

Net  income  (street  lighting  out) 

Operating  ratio 

Operating  ratio  (street  lighting 
out) 


1910 


Com- 
panies 
{cents) 


6.608 

6.531 
6.758 

6.481 

ii.774 

7.675 

3.458 
2.700 


2.522 
0.986 

$953,675 

757,293 

312,685 
116,304 

67.2 

84.5 


Munici- 
palilies 
(cents) 


7.900 

7.9C0 
7.742 

7.742 

11.077 


3.615 
3.000 


1.091 

443,423 
62,202 

86.0 


1915 


Com- 
panies 
(cents) 


5.800 

5.503 
5.704 

5.461 
5.950 

10.062 
7.575 

(7.333)2 
3.047 
2.418 


2.227 
1.332 


81,417,235 

1,152,594 

544,300 
279,658 

61.6 

75.0 


Munici- 
palilies 
(cents) 


5.895 

5.895 
5.786 

5.786 

5.800 

10.305 


2.583 
4.294 


0.957 

671,761 
109,i'l8 

83.7 


Per  cent 
decrease 


Com- 
panies 


15.9 

15.7 
14.7 

15.7 

14.5 
1.3 

(4.5)^ 

11.9 

10.4 


11.7 
+35.2 

+47.5 

+52.2 

+74.0 
+  140.8 

-8.3 

-11.2 


Munic- 
ipali- 
ties 


26.0 

26.0 
25.3 

25.3 

7.6 


28.5 
H-43.1 


12.3 

+51.5 

+76'.4 

-2.7 


>  "  Commercial "  lighting  includes  all  other  than  street  lighting. 
'  Including  only  companies  reporting  at  both  dates. 

mercial  light  and  power  business  be  considered,  we  find 
that  for  the  companies  the  average  rate  is  5.950,  and  for 
the  pubHc  plants  5.800,  or  2.5  per  cent  lower. 

Now,  in  view  of  the  fact  that  there  is  comparatively 
little  difference  in  the  nature  of  the  business  done  by  the 
two  groups,  and  since  the  companies  have  been  effec- 
tively regulated  by  the  Board,  we  might,  as  has  been  sug- 
gested, logically  expect  an  approximate  equality  in  rates, 
provided,  however,  that  both  pay  taxes,  and  that  the  in- 
vestment per  customer,  with  the  resultant  fixed  charges, 
is  the  same.  But  here  we  find  a  conspicuous  difference. 
The  public  plants  pay  no  taxes,  —  an  item  which  will  be 
at  present  overlooked,  as  their  charges  for  service  must. 
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according  to  law,  be  sufficient  to  cover  the  maturing 
debts  and  the  sinking  fund  payments,  —  and  their  invest- 
ment per  customer  is  far  less. 

Without  attempting  to  make  a  separation  between  the 
street  lighting  business  and  the  commercial  light  and 
power  business  we  have  found  that  the  total  plant  in- 
vestment per  customer  is  $162  in  the  municipal  plants 
and  $226,  or  40  per  cent  higher,  in  the  companies.  And 
we  have  also  found  that  all  of  this  investment  is  as  well 
accounted  for  in  the  one  case  as  in  the  other.  But,  when 
we  carry  the  analysis  further,  and  separate  the  investment 
in  distributing  system  according  to  the  proportionate  re- 
lations to  the  total  which  the  street  lighting  lines  and  the 
commercial  Unes  bear  in  each  group,  it  is  evident  that 
the  fully  justified  investment  per  customer  is  only  $43.50 
in  the  public  plants  and  $80  ($70,  if  the  value  of  under- 
ground construction  be  deducted),  or  84  per  cent  greater, 
in  the  companies.  Also  it  appears,  from  the  study  made 
in  the  preceding  chapter,  that  the  line  investment  has 
been  more  economical  in  the  latter,  since  for  correspond- 
ing equipment  they  have  expended  from  15  to  20  per  cent 
less  than  have  the  municipal  plants.^ 

Though  it  would  be  rather  difficult  to  estimate  what 
portion  of  the  station  investment  should  be  charged  against 
the  street  lighting  business,  yet,  in  the  light  of  the  various 
analyses  which  have  been  made,  it  is  probably  safe  to 
assume  that  the  total  investment  lawfully  created  for  the 
commercial  service,  is  relatively  50  per  cent  higher  in  the 

^  The  investment  in  distribution  system  —  lines,  poles,  meters,  trans- 
formers, and  street  lamps  and  fixtures  —  was,  in  1915,  $2,717,202  for 
the  companies,  and  $1,272,470  for  the  public  plants.  The  ratio  of  com- 
mercial lines  to  total  lines  was,  in  the  former,  about  69  per  cent,  and 
in  the  latter  62  per  cent.  Making  the  division  accordingly,  we  find  that 
the  commercial  line  investment  of  the  companies  is  roughly  $1,874,868, 
while  that  of  the  municipal  plants  is  only  $788,931.  These  figures  are, 
of  course,  only  approximately  correct. 

The  number  of  customers  of  the  companies  was  23,417,  while  that  of 
the  municipal  plants  was  18,069. 
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companies  than  in  the  municipal  plants.  This  means  that 
the  former  might  be  expected  to  make  their  rates  suffi- 
ciently high  to  provide  for  fixed  charges  proportionately 
50  per  cent  greater  than  those  incurred  by  the  other 
group,  granting  that  they  could  secure  their  capital  at  the 
same  figure  —  as  a  matter  of  fact  they  pay  at  least  1  per 
cent  more.  Now,  without  making  any  allowance  for  div- 
idends on  the  investment,  which  we  will  assume  are  pro- 
vided for  out  of  the  profits  resulting  from  the  larger  busi- 
ness done,  we  find  that  the  aggregate  outlays  of  the  com- 
panies for  taxes,  depreciation,  and  interest,  amount  to 
about  25  per  cent  of  the  total  operating  expenses  (includ- 
ing taxes)  plus  the  interest  and  depreciation  charges. 

Accordingly,  since  the  investment  per  customer  is  50 
per  cent  higher,  and  since  relatively  50  per  cent  more 
must  be  paid  for  the  fixed  charges,  might  we  not,  therefore, 
expect  to  find  rates  about  12  or  13  per  cent  higher  in  the 
companies  than  in  the  municipalities,  since  the  unit  cost 
of  operation  is  about  the  same?  In  other  words,  would 
they  not  be  justified  in  charging  such  prices  as  would  make 
their  total  average  income  from  sales  of  current,  excluding 
street  lighting  and  sales  to  other  companies,  at  least 
0.750  cents  per  kilowatt  hour  higher  than  the  corre- 
sponding income  of  the  public  plants,  which  would  be  equal 
to  6.550,  or  10  per  cent  above  their  present  average  income 
of  5.950  from  this  service?  Or,  if  the  company  rates  as 
they  now  stand  are  equitable,  should  not  the  municipal 
plants  be  furnishing  current  at  about  88  per  cent  of  their 
present  rates,  or  5.100,  which  is  more  than  14  per  cent 
lower  than  the  company  rate? 

Many  objections  can  be  raised  against  this  line  of 
argument,  and  it  may  not  be  a  wholly  accurate  way  of 
stating  the  problem;  yet  the  writer  believes  that,  to  say 
the  least,  he  has  been  sufficiently  conservative  in  these 
calculations. 

But,  returning  to  a  study  of  the  rates  as  they  actually 
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are,  we  notice  that  the  commercial  lighting  rate  of  the 
companies  has  been  reduced  twice  as  rapidly  as  that  of 
the  public  plants,  until  now  it  is  a  little  less  (10.062)  than 
that  of  the  latter  (10.305), ^  in  spite  of  the  fact  that  they 
have  been  much  more  liberal  in  their  policy  of  extending 
service  to  unprofitable  customers,  and  have  pushed  their 
lines  much  farther  in  order  to  get  new  business.  ^  The 
street  lighting  rates  have  been  reduced  but  slightly  during 
the  period  and  now  stand  about  25  per  cent  below  the  com- 
mercial rates.  All  of  this  business,  however,  is  done  on  the 
contract  basis,  at  a  fixed  charge  per  lamp  per  year,  with 
frequently  more  favorable  rates  for  long-time  contracts. 
The  price  charged  for  current  sold  to  other  companies, 
as  might  be  expected  under  the  circumstances,  is  about  75 
per  cent  higher  in  the  public  plants. 

The  power  rates  have  decreased  much  more  rapidly  in 
the  municipal  plants  than  in  the  companies,  due  to  the 
great  increase  in  this  part  of  their  business.  It  is  rather 
surprising,  however,  to  find  the  rate  for  power  about  one 
sixth  lower  (0.464)  in  the  former  (2.583)  than  in  the  latter 
(3.047).  The  difference  is  mostly  accounted  for  by  the 
municipal  plant  of  Danvers,  which  sells  a  large  quantity 
of  power  current  at  a  rate  of  1.634  per  kilowatt  hour,  lower 
even  than  the  Holyoke  rate.    Evidently,  if  we  may  judge 

^  For  the  municipal  plants  the  sales  to  public  buildings  have  been 
included  with  the  commercial  lighting  though  the  rate  charged  for  this 
service  is  only  8.018.  This  is  necessary  in  order  to  keep  our  data  com- 
parable, even  though,  as  sometimes  it  seems  to  happen,  no  actual 
transfer  of  cash  is  made  by  the  municipality  to  its  lighting  department 
for  this  service. 

*  It  is  of  some  interest  to  note,  in  this  connection,  that  the  companies 
seem  to  make  the  same  maximum  net  rate  to  all  of  their  customers,  even 
though  they  may  be  in  other  municipalities  than  those  in  which  the  plants 
are  situated.  On  the  other  hand,  the  three  public  plants  which  have 
extended  their  lines  outside  their  own  borders,  charge  the  customers  in 
this  foreign  territory,  respectively,  16.7,  27.2,  and  53.0  per  cent  more 
than  the  usual  rate.  From  this  fact  we  can  infer  what  might  happen 
to  their  average  rates  if  they  served  so  many  different  places  as  do  the 
companies. 
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by  the  average  capacity  of  its  connected  motors  (13.23 
K.W.,  or  more  than  100  per  cent  larger  than  the  average 
for  the  group,  and  much  larger  than  the  motors  of  any 
other  plant  in  either  group)  this  plant  has  an  unusually 
favorable  business.  It  must  also  be  recalled  that  the  aver- 
age size  of  connected  motors  (6.47  K.W.)  is  somewhat 
greater  in  the  public  plants  than  in  the  companies  (5.95 
K.W.).  Finally,  in  both  cases  it  will  be  observed  that  the 
average  charge  for  cmrent  supplied  for  power  purposes  is 
much  below  the  average  cost  of  production  of  all  classes 
of  current,  as  revealed  by  the  operating  expenses. 

As  to  the  equitableness  of  the  various  rate  schedules, 
not  much  need  be  said,  as  we  are  not  particularly  con- 
cerned with  individual  cases.  Most  of  the  lighting  current 
is  sold  at  a  fixed  rate  per  kilowatt  hour,  subject  to  prompt 
payment  discounts.  However,  one  of  the  public  plants 
and  6  of  the  private  plants  give  quantity  discounts  for  his 
service.  Also  6  of  the  former  and  10  of  the  latter  appear 
to  offer  contract  rates,  which  are  too  varied  to  admit  of 
any  classification.  Nor  are  these  schedules,  in  most  cases, 
important,  for  very  little  contract  lighting  business  is  now 
done.  Several  plants  make  special  rates  to  large  consumers, 
to  summer  customers,  or  to  those  who  use  current  for  arc 
lights.  Finally,  every  municipal  plant  except  one  imposes 
a  minimum  monthly  or  yearly  charge  upon  lighting  cus- 
tomers, varying  from  $0.50  to  $1  per  month,  and  all  but 
two  of  the  other  group  report  a  similar  charge,  which  is 
usually  $1  per  month;  in  rare  instances  this  charge  takes 
the  form  of  a  meter  rental.^ 

In  the  accompanying  charts  are  shown  the  differences 

between  the  average  and  maximum  net  rates,  which  result 

from  the  rate  schedule  of  the  two  groups  of  plants.    The 

^  Cf.  Mass.,  1913,  ch.  623.  "No  charge  shall  be  made  by  any  person, 
partnership  or  corporation  furnishing  electricity  for  lighting  purposes 
for  the  use  of  a  meter  during  any  portion  of  twelve  consecutive  months, 
if  the  consumer  during  that  period  uses  electricity  to  the  value  of  nine 
dollars." 
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state  of  affairs  disclosed  is  highly  interesting,  though  not 
to  be  wondered  at.  The  close  correspondence  between  the 
two  in  the  case  of  the  municipal  plants  —  even  in  Holyoke, 
which  has  a  maximum  net  rate  of  6  cents  and  an  average 
of  5.980  —  indicates  that  practically  all  customers  are 
served  alike,  and  that  the  municipaUties  are  not  making 
any  particular  attempt  to  develop  their  lighting  business 
by  the  offer  of  specially  attractive  rates.  There  seems  to 
be  no  tendency  whatever  for  lower  rates  to  be  charged  by 
those  plants  which  have  a  higher  average  consumption  of 
current  per  customer.  That  the  average  rate  is  sometimes 
a  little  higher  than  the  maximum  net,  is  in  the  main  ac- 
counted for  by  the  minimum  charges  and  the  prompt 
payment  discounts  lost. 

The  companies,  on  the  contrary,  have  maximum  net 
rates  which  seem  to  be  for  the  most  part  merely  nominal, 
particularly  in  several  of  the  smaller  plants.  Obviously,  in 
some  cases,  certain  classes  of  customers  gain  enormously 
by  the  special  rates  or  quantity  discounts,  though  these 
usually  become  effective  so  speedily  that  all  customers  are 
benefited  thereby.  The  very  slight  difference  between  the 
maximum  and  average  rates  in  a  number  of  the  larger 
companies,  may  mean  that  they  are  not  desirous  of  in- 
creasing the  lighting  portion  of  their  business  at  the  pres- 
ent time.  We  also  know  that  they  have  a  large  number 
of  small  customers,  and  that  their  power  business  is  rela- 
tively small.  Our  data  show  that,  in  the  case  of  Gloucester 
and  Quincy,  which  have  unusually  high  rates  in  view  of 
their  large  total  sales,  the  consumption  of  current  per 
customer  is  much  below  the  average  for  the  group.  On 
the  other  hand,  the  plants  showing  the  widest  spread 
between  the  two  rates,  such  as  Lee  and  Vineyard,  sell  a 
relatively  large  amount  of  current  per  lighting  customer. 

In  connection  with  these  rate  schedules,  it  must  be  ob- 
served that  none  of  the  plants  of  either  group  do  any  free 
wiring.    Also,  9  of  the  companies  and  10  of  the  municipal 
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plants  make  no  free  renewals  of  lamps.  But  6  of  the  former 
and  7  of  the  latter  renew  carbons,  while  one  of  the  former 
and  two  of  the  latter  renew  tungstens  under  certain  condi- 
tions. 

In  the  matter  of  power  rates  the  usual  custom  in  each 
group  is  to  fix  a  certain  minimum  monthly  charge  per 
horse  power  of  connected  load,  usually  $1,  followed  by  a 
charge  per  kilowatt  hour  decreasing  with  the  quantity 
of  current  consumed,  according  to  the  Wright  method. 
A  study  of  the  maximum  and  average  rates  of  the  plants 
in  each  group,  as  revealed  in  the  charts,  indicates  that 
they  have  adopted  similar  methods  of  rate  making,  and 
that  even  in  the  smaller  plants,  the  schedules  are  such 
as  will  benefit  the  average  customer. 

The  average  price  received  per  kilowatt  hour  for  street 
lighting  shows  a  marked  tendency  to  decrease  as  the  quan- 
tity supplied  increases,  particularly  for  amounts  above 
100,000  hours. 

By  reason  of  the  diverse  conditions  under  which  the 
plants  operate,  it  is  probably  futile  to  attempt  any  com- 
parison of  the  individual  unit  income  of  each  group. 
However,  having  excluded  the  street  lighting  business  in 
order  to  make  the  companies  roughly  comparable  with  the 
municipal  plants,  we  find  that,  for  total  sales  under  800,  ^0 
kilowatt  hours,  the  former  have  a  markedly  smaller  income 
per  kilowatt  hour  than  the  latter.  Yet,  above  this  point,  the 
average  rate  is  considerably  higher  in  several  of  the  com- 
panies than  in  the  corresponding  public  plants.  The  three 
plants  which  practically  account  for  this  difference  are 
Beverly,  Gloucester,  and  Quincy,  each  of  which  has  either 
a  very  high  investment  per  customer,  high  operating  ex- 
penses, due  to  the  character  of  the  business  done,  or  both. 
For  the  most  part,  also,  they  do  a  lighting  rather  than  a 
power  business,  and  in  the  quantity  of  current  delivered 
per  customer  they  stand  at  the  bottom  of  the  entire  group 
of  companies.  Were  it  not  for  these  exceptional  cases,  the 
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curve  of  the  private  plants  would  almost  always  run  below 
that  of  the  other  group,  and  in  only  a  few  instances  slightly 
above  it. 

Table  29  (p.  202)  shows  that  the  rate  of  increase  in 
operating  income  has  been  about  equal  in  the  two  groups 
since  1910,  whether  or  not  the  street  lighting  income  be 
included  in  the  case  of  the  companies.  The  growth  in  net 
income  has  also  been  approximately  the  same,  if  street 
lighting  be  included.  The  gross  income  of  the  companies 
exceeds  that  of  the  other  group  by  110.9  per  cent,  and 
their  actual  sale  of  current  —  as  distinguished  from  cur- 
rent "delivered"  in  the  public  plants  —  was  114.6  per  cent 
greater.  But  their  gross  income,  excluding  street  lighting, 
as  we  must  do  for  comparative  purposes,  was  only  71.6 
per  cent  larger  than  that  of  the  municipal  plants,  while 
the  quantity  of  current  sold  for  commercial  purposes  was 
84  per  cent  greater.  Finally,  the  total  operating  expenses 
of  the  private  plants  were  only  55.1  per  cent  above  those 
of  the  other  group. 

Again,  the  net  income  of  the  private  plants,  including 
street  lighting,  is  about  five  times  as  great  as  that  of  the 
municipal  plants,  or,  excluding  the  street  lighting  income, 
two  and  one  haK  times  as  great.  The  comparative  net 
income  per  kilowatt  hour  sold  for  all  commercial  purposes 
is  0.957  in  the  latter,  and  1.332,  or  35.2  per  cent  more,  in 
the  former.^ 

At  first  it  may  appear  that  the  absolute  financial  ad- 
vantage, which,  from  these  analyses,  the  companies  appear 
to  have,  is  due  solely  to  the  greater  amount  of  current 
which  they  sell.   However,  an  examination  of  the  relation 

^  Two  of  the  municipal  plants,  Hull  and  Wakefield,  were  subject  to 
an  actual  loss  in  operation  of  about  $3,500.  None  of  the  companies 
was  operated  at  a  deficit;  but  if  the  street  lighting  income  be  deducted 
in  each  case,  so  that  we  can  have  a  basis  for  comparison  with  the  mu- 
nicipal plants,  it  appears  that  three  plants.  Buzzard's  Bay,  Citizens',  and 
Vineyard,  would  have  suffered  a  deficit  amounting  in  the  aggregate  to 
about  $7,000. 
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which  the  operating  expenses  bear  to  the  operating  in- 
come, discloses  the  fact  that  there  is  greater  operating 
efficiency  in  the  former,  and  that  their  improvement  has 
been  more  rapid.  At  the  present  time  the  operating  ratio 
of  the  companies,  omitting  the  street  Hghting  income  for 
the  sake  of  comparison,  is  75,  while  that  of  the  public 
plants  is  83.7,  or  relatively  11.6  per  cent  higher.  This 
ratio  has  been  reduced  during  the  five-year  period  9.5 
per  cent  by  the  former,  and  only  2.3  per  cent  by  the  latter, 
though  the  companies  at  the  earlier  date  had  only  a  slight 
advantage  in  this  regard.  Nor  do  these  computations 
make  any  allowance  for  the  fact  that  taxes  and  other 
charges  not  incurred  by  the  municipal  plants  are  paid  by 
the  private  plants.  To  this  aspect  of  the  matter,  reference 
will  shortly  be  made. 

Table  30.  Percentage  Analysis  of  the  Various 
Classes  of  Income 


1910 

1915 

Class  qf  income 

Munici- 
palitiea 

Companies 

Munici- 
palitiea 

Companies 

Companies 
(street  light- 
ing out) 

Commercial  lighting. . . 
Power 

78.1 
..18.5 

54.3 

20.3 

20.6 

4.1 

0.8 

72.0 
25.3 

0.9 
1.8 

53.1 

22.4 

18.7 

5.2 

0.6 

65.3 
27.5 

Street  lighting 

Other  companies 

Other  sources 

o.b 

2.8 

6.4 
0.8 

So  far  as  the  percentage  distribution  of  the  income  be- 
tween the  various  classes  of  business  is  concerned,  when 
the  street-lighting  income  of  the  companies  is  deducted,  we 
find  that  there  is  little  to  choose  between  the  two  groups, 
except  in  the  matter  of  sales  to  other  companies.^   It  will 

^  Though  the  public  plants  of  Holyoke  and  Mansfield  sell  to  the  local 
authorities  the  current  used  for  street  lighting,  and  make  a  corresponding 
entry  in  the  income  account,  just  as  if  they  were  private  concerns,  this 
"income"  is  naturally  not  included,  since  the  averages  would  thereby 
be  distorted. 
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also  be  observed  that  the  income  from  "other  sources" 
is  proportionately  higher  in  the  municipal  plants. 

Before  leaving  the  subject  of  the  income,  it  is  instruc- 
tive to  make  a  few  more  analyses.  In  the  first  place,  while 
the  investment  per  dollar  of  operating  income,  excluding 
street  lighting,  has  decreased  from  $5.27  to  $4.35,  or  17.5 
per  cent  for  the  municipal  plants,  it  has  increased  from 
$4.20  to  $4.80,  or  9.5  per  cent  for  the  companies.  In  other 
words,  the  comparable  income  per  dollar  of  investment  is 
in  the  former  23  cents  and  in  the  latter  21.7  per  cent.  The 
difference,  to  be  sure,  is  slight;  but  the  tendency  indicated 
during  the  past  five  years  is  sufficiently  obvious.  In  the 
light  of  our  previous  analyses,  this  increasing  investment 
is  justified;  though,  as  has  already  been  suggested,  it  does 
not  appear  that  the  companies  are  taking  advantage  of  this 
fact  so  far  as  their  rate  policy  is  concerned,  notwithstanding 
their  fixed  charges  are  proportionately  increased. 

While  the  total  income  per  customer  from  light  and 
power  sales  has  decreased  more  rapidly  (25.7  per  cent)  in 
the  companies  than  in  the  public  plants  (19.8  per  cent),  — • 
the  absolute  figures  are  still  about  25  per  cent  higher  in  the 
former  ($45.75)  than  in  the  latter  ($36.19),  —  both  in  light 
and  power  income  they  are  in  the  lead.  The  per  capita  in- 
come also,  when  the  street  lighting  income  of  the  companies 
is  deducted,  is  25  per  cent  greater  in  the  one  group  ($4.03) 
than  in  the  other  ($3.26).  A  like  rate  of  increase  in  this 
item  is  to  be  found  in  both  cases  (32  per  cent).  Finally, 
the  increase  in  the  street  lighting  income  per  capita  is 
due  to  a  longer  hours'  use  of  lamps  per  night,  rather  than 
to  an  increase  in  the  connected  load.^ 

The  average  income  per  kilowatt  connected  load,  exclud- 
ing street  lighting  and  sales  to  other  companies,  is,  for  the 
9  municipal  plants  furnishing  the  complete  data,  $26.41, 
and  for  the  companies  $28.20,  and  the  rate  of  decrease 
since  1910  has  been  more  rapid  for  the  latter.  These  figures 
^  Appendix,  pp.  410-413,  416-417. 
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are  surprisingly  close  together.  Taken  separately,  we  find 
the  income  per  connected  commercial  lighting  load  to  be 
almost  identical  in  the  two  groups;  but  the  pubUc  plants 
have  had  an  actual  increase  in  this  item  (1.8  per  cent) 
during  the  period,  while  the  companies  have  been  subject 
to  a  decrease  of  18.6  per  cent.  This  fact  serves  to  prove 
our  earlier  conclusions  to  the  effect  that  the  latter  are 
rapidly  extending  their  service  to  the  less  profitable  cus- 
tomers, while  the  former  are  avoiding  the  unattractive 
business.  In  this  connection  it  must  also  be  remembered 
that  the  consumption  of  current  per  kilowatt  connected 
lighting  load  has  increased  10  per  cent  for  the  pubUc  plants 
and  has  decreased  5.6  per  cent  for  the  private  plants. 

It  is  instructive  to  note  that  the  rate  of  decrease  in  in- 
come per  connected  power  load  has  been  twice  as  great  in 
the  municipal  plants  (38.7  per  cent)  as  in  the  other  group 
(18.6  per  cent).  This  is  accounted  for  largely  by  the  great 
reduction  in  the  power  rates  of  the  municipal  plants. 

The  income  per  kilowatt  capacity  of  dynamos  (street 
lighting  excluded)  has  remained  practically  unchanged 
throughout  the  period,  but  is  absolutely  about  25  per  cent 
higher  for  the  companies.  This  condition  is  due  in  large 
measure  to  their  better  load  factor  and  better  diversity 
factor,  as  well  as  to  the  fact  that  their  dynamo  capacity,  in 
proportion  to  the  amount  of  business  done,  is  somewhat  less.^ 

Summary 

From  this  chapter  the  following  facts  stand  out  prom- 
inently. 

1.  If  municipal  plants  abide  by  the  law,  which  forbids 

^  Attention  should  be  called  to  the  fact  that,  while  the  income  of  the 
companies,  excluding  the  street  lighting  income,  is  25  per  cent  higher  than 
that  of  the  municipal  plants,  whether  per  customer,  per  capita,  or  per 
kilowatt  capacity,  the  income  per  kilowatt  connected  load  is  only  7  per 
cent  greater.  This,  again,  indicates  that  they  have  made  provision  for 
a  large  proportion  of  customers  with  bad  load  factors,  thereby,  perhaps, 
improving  their  diversity  factor. 
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them  to  sell  current  below  cost,  —  cost  being  broadly 
defined  as  including  not  only  operating  expenses  but  also 
charges  for  interest,  depreciation,  and  maturing  debt,  — 
they  cannot  possibly  lose  money  in  operation.  In  1915 
only  two  of  these  plants,  Hull  and  Wakefield,  showed  an 
operating  deficit. 

2.  In  1910  the  average  unit  cost  of  the  companies  was 
conspicuously  lower  than  that  of  the  other  group. 

3.  Between  1910  and  1915  the  public  plants  reduced 
their  unit  costs  much  more  rapidly  than  did  the  private 
plants. 

4.  At  the  present  time,  when  the  total  unit  costs  of  the 
companies  are  put  on  a  comparable  basis,  they  still  have  a 
considerable  advantage  over  the  municipal  plants,  a  part 
of  which  is  probably  due  to  their  greater  output. 

5.  The  companies  have  a  very  noticeable  advantage  over 
the  other  group  so  far  as  the  unit  cost  for  "manufacturing" 
is  concerned. 

6.  The  average  income  from  all  sales  of  current  per  kilo- 
watt hour  is  almost  identical  in  the  two  groups,  with  a 
slight  advantage  for  the  companies,  except  in  the  matter 
of  power  sales,  in  which  the  unit  income  is  somewhat  lower 
for  the  public  plants,  due  to  one  or  two  exceptional  cases. 

7.  The  much  more  marked  rate  of  decrease  in  the  unit 
income  of  the  municipal  plants  has  been  occasioned  by 
the  rapid  growth  of  their  power  business. 

8.  Because  of  the  far  greater  investment  per  customer 
in  the  companies,  we  might  logically  have  expected  con- 
siderably higher  rates  than  we  do  find,  or,  on  the  other 
hand,  we  might  have  looked  for  proportionately  lower 
rates  in  the  public  plants. 

9.  While  the  maximum  net  lighting  rates  appearing  in 
the  companies'  schedules  average  higher  than  those  of  the 
municipal  plants,  these  rates  are  rarely  effective,  because 
of  the  liberal  application  of  the  quantity  discount  policy. 
Hence  even  the  small  consumers  rarely  pay  more  than 
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would  be  charged  by  the  municipal  plants,  in  which  the 
maximum  net  rate  is  almost  without  exception  also  the 
minimum  rate. 

10.  Though  the  maximum  net  power  rates  of  the  com- 
panies are  in  the  main  higher,  in  this  case  also  the  quan- 
tity discounts  take  effect  early,  so  that,  again,  the  position 
of  the  smaller  customers  is  about  the  same  as  in  the  public 
plants. 

11.  The  operating  ratio  of  the  companies  is  considerably 
better  than  that  of  the  pubhc  plants,  the  latter  having 
shown  little  improvement  in  this  regard  since  1910. 

12.  Holyoke,  as  might  be  expected,  shows  a  much  lower 
unit  cost  (1.592)  than  that  found  in  any  of  the  other 
plants.  This  advantage  in  operation,  however,  is  largely 
the  result  of  abnormally  low  distribution  expenses  (0.266) 
due  to  the  small  length  of  lines,  rather  than  to  economies 
in  generation,  in  spite  of  the  use  of  some  water  power. 
The  unit  income  (2.831)  is  not  much  lower  than  one  would 
reasonably  expect,  in  view  of  the  nature  of  this  plant's 
territory  and  business. 


CHAPTER  VII 

FINANCIAL  STATISTICS  OF  GENERATING  PLANTS 

(concluded) 

1.  Disposal  op  Net  Income  ^ 

We  are  at  length  in  a  position  to  make  some  examination 
of  the  financial  results  of  operation  in  the  two  groups  of 
plants,  as  shown  by  the  disposal  of  their  net  income. 
Adding  to  the  net  a  few  practically  negligible  profit  and 
loss  items  of  income,  derived  for  the  most  part  from  "job- 
bing," interest  on  deposits,  and  the  rent  of  fixtures,  we  find 
the  total  to  be  $566,521  for  the  companies  and  $112,075 
for  the  municipal  plants,  against  which  charges  are  made 
as  indicated  in  Table  31. 

It  is  interesting  to  observe  that,  while  the  companies 
have  financed  themselves  to  the  extent  of  a  little  more  than 
three  fifths  of  their  investment  by  means  of  stock  issues, 
yet  their  total  interest  payment  on  notes  and  bonds  is 
almost  50  per  cent  greater  than  that  of  the  public  plants. 
The  actual  amount  of  interest  paid  per  kilowatt  hour 
delivered  is  almost  the  same  in  the  two  groups,  0.414 
cents  in  the  latter  and  0.369  in  the  former,  in  spite  of 
the  fact  that  the  municipal  plants  must  secure  their  cap- 
ital wholly  by  borrowing,  unless  they  call  on  the  tax  levy.^ 
It  is  to  be  remembered,  however,  that  the  private  plants 

^  Appendix,  pp.  454-457. 

2  In  1915,  this  group  of  municipal  plants  (Holyoke  excluded),  had 
outstanding  $1,283,010  m  bonds  and  $278,210  m  notes,  a  total  of 
$1,561,220,  or  53.4  per  cent  of  the  total  investment  ($2,923,825).  The 
remainder  of  the  expenditures  on  capital  account  have  been  secured  from 
the  tax  levy,  either  through  "appropriations  for  construction,"  "appro- 
priations for  bond  and  note  payments,"  or  "appropriations  to  the  sinkng 
fund."  The  sum  total  of  payments  to  these  accounts  out  of  earnings  is 
exceedingly  small. 
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Table  31.  Pekcentage  Analysis  of  Charges  against 

Income 


Comjianies 

Municipalitiea » 

Holyoke 

lUm 

Amount 

PercerU 
of  total 

AmourU 

Per  cent 
of  total 

Per  cent 
of  total 

Operating  income 

Other    income    (pro- 
fit and  loss  items) . . 

$1,417,235 

22,222 

$671,761 
2,957 

Total 

$1,439,457 
566,521 

872,935 
90,094 
56,314 

353,870 

23,415 

62.5 
6.4 
4.1 

25.4 

$674,718 
112,075 

562,643 
62,143 
92,306 

24,596 

55,797 
8,096 

70.0 

7.7 

11.4 

3.0 

6.9 
1.0 

Total     available 
("net") 

Charges  against  income: 
Operating  expenses . . . 
Interest 

67.3 
7.6 

Depreciation 

Dividends 

15.7 

Sinking     fmid     pay- 
ments   

Note  and  Bond  pay- 
ments   

9.2 

All  other  charges 

0.2 

Total 

$1,396,628 
42,829 

100. 

$805,581 
130,863 
(deficit) 

100. 

100 

Balance 

*  Holyoke  omitted. 

pay  from  1  to  1.5  per  cent  more  for  their  borrowed  capi- 
tal than  do  the  pubHc  plants,  which  have  the  entire  assets 
of  their  municipalities  to  offer  as  secm-ity.  The  one  group 
pays  an  average  rate  of  not  more  than  4  per  cent,  while 
the  other  pays  from  5  to  5.5  per  cent,  and  sometimes 
higher.^ 

The  unit  charges  for  depreciation,  as  a  result  of  the 
statutory  provisions,  are  much  higher  (0.615  cents),  in  the 
municipal  plants  than  in  the  companies  (0.234  cents),  in 

^  This  was  true  for  conditions  as  they  were  prior  to  1915.  During  the 
present  abnormal  times  the  rates  for  new  loans  run  much  higher  in  both 
groups. 
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which  they  constitute  only  4.2  per  cent  of  all  charges 
against  net  income.  More  detailed  attention  will  in  a 
moment  be  given  to  this  particular  item. 

As  would  be  expected,  the  larger  share  of  the  net  in- 
come of  the  companies  goes  to  the  stockholders.  The 
total  amount  of  dividend  payments  during  the  year  was 
$353,870,  or  25.4  per  cent  of  all  charges  against  income. 
Three  of  the  smaller  companies,  to  be  sure,  paid  no  divi- 
dends,^ but  the  remaining  14  paid  at  rates  ranging  from 
5  to  32  per  cent.  The  average  rate  was  11.94  on  the  out- 
standing stock  of  all  the  companies  (10.8  if  premiums  be 
included),  or  6.66  on  the  entire  investment.  Apparently 
there  could,  in  some  instances,  be  an  appreciable  lowering 
of  the  rates  without  doing  any  injustice  to  the  stock- 
holders, though  it  must  not  be  forgotten  that  frequently 
present  high  returns  merely  compensate  for  earlier  low 
returns  or  the  failure  to  earn  any  dividends  whatever. 

The  miscellaneous  charges  against  income  appearing  in 
the  profit  and  loss  accounts,  are  too  small  to  deserve  atten- 
tion. The  sinking  fund  and  maturing  debt  payments  of 
the  public  plants,  however,  — •  which,  by  the  way,  do 
not  theoretically  belong  here,  —  are  a  considerable  item, 
amounting  in  the  former  case  to  0.164  cents  per  kilowatt 
hour  delivered,  and  in  the  latter  to  0.372.  Together  they 
amount  to  $80,393,  or  9.9  per  cent  of  all  charges  against 
income,  if  we  consider  that  they  should  be  coimted  in  this 
connection.  After  all  payments  have  been  deducted,  the 
companies  show  an  operating  balance  for  the  year  of 
$43,929,  while  the  municipal  plants  are  subject  to  a  deficit 
of  $50,415,  or  $130,809  if  the  charges  just  mentioned  are 
included. 

Now,  before  discussing  these  charges  which  are  in  them- 
selves of  no  great  significance  for  our  comparative  study, 
let  us  make  a  more  careful  study  of  the  amount  charged 
off  for  depreciation  by  each  group  of  plants,  for  this  is  one 
*  Buzzard's  Bay,  Citizens',  and  Vineyard. 
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of  the  vital  issues  which  confront  us  in  an  investigation  of 
this  kind. 

Accordingly,  we  must  note  first  that  during  the  year 
1914-15,  7  of  the  17  companies  made  no  allowance  what- 
ever for  depreciation.  During  the  five-year  period  there 
are  3  plants  which  have  never  credited  anything  to  this 
account,^  and  there  are  only  6  which  have  regularly  writ- 
ten off  their  depreciation  each  year.^  Of  the  individual 
plants,  2  charged  off  more  than  in  the  preceding  year,  and 
6  made  a  less  allowance.  Also,  2  which  in  the  preceding 
year  charged  off  depreciation  failed  to  do  so  in  1914-15, 
while  2  others  which  had  not  done  so  at  the  earlier  date 
made  a  slight  allowance  this  year.  From  these  data  it 
should  be  sufficiently  apparent  that  the  rate  of  deprecia- 
tion provided  for  by  the  separate  companies  which  actually 
write  off  depreciation,  is  considerably  higher  than  the 
average  for  the  group.  This  rate  we  find  for  1914-15  to 
be  1.64  per  cent  of  the  total  investment  of  the  plants 
reporting  this  item,  or  50  per  cent  higher  than  the  average 
rate  for  the  entire  group.^ 

Bearing  these  considerations  in  mind,  we  must  attempt 
to  discover  the  significance  of  the  fact  that  the  deprecia- 
tion charges  of  the  public  plants  are  150  per  cent  higher 
per  kilowatt  hour  delivered  than  those  of  the  private 
plants,  or,  computed  as  a  portion  of  the  total  investment, 
why  the  ratio  thus  expended  by  the  former  (3.16  per  cent) 
was  200  per  cent  greater  than  that  of  the  latter  (1.10  per 
cent).  This  marked  lack  of  correspondence  might  be 
accounted  for  in  several  ways : 

^  Buzzard's  Bay,  Newburyport,  and  Vineyard. 

*  The  number  of  plants  making  allowance  for  depreciation  during  the 
series  of  years,  1910-15  inclusive,  was,  respectively,  ill,  9,  13,  11,  10,  10. 
The  average  number  thus  appears  to  be  10.7  per  year,  or  about  two  thirds 
of  the  total  niunber. 

^  The  plants  not  writing  of  depreciation  during  this  year  were  Buz- 
zard's Bay,  Newburyport,  Plymouth,  Vineyard,  Weymouth,  and  Winch- 
endon.  The  total  investment  of  this  group  was  $1,730,094,  or  about  one 
third  of  the  total  investment  of  all  of  the  companies  studied., 
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1.  The  legal  amount  written  off  annually  by  the  muni- 
cipal plants  may  be  somewhat  higher  than  is  necessary 
in  order  to  meet  the  depreciation  as  it  occurs.  Some  sup- 
port for  this  view  is  found  in  the  fact  that  they  now  have 
depreciation  funds  carried  as  assets,  amounting  in  the  ag- 
gregate to  $96,728,  or  3.3  per  cent  of  the  total  investment 
of  the  17  plants,  and  that  the  net  addition  to  these  funds 
during  the  year  1914-15  amounted  to  $16,641,  between 
one  fifth  and  one  sixth  of  the  total  depreciation  allowance, 
equivalent  to  0.111  cents  per  kilowatt  hour  delivered,  or 
0.57  per  cent  of  the  entire  investment.  But  this  explana- 
tion does  not  throw  much  light  on  the  problem  when  we 
find  that  in  two  or  three  instances  the  companies  also  have 
created  little  depreciation  or  reserve  funds,  which,  how- 
ever, they  customarily  carry  as  a  liability,  and  for  which 
they  make  no  separate  return,  so  that  in  all  probability  the 
sums  so  designated  have  simply  been  spread  over  various 
portions  of  the  assets.^ 

2.  From  another  angle  it  may  be  argued  that  the  public 
plants  have  used  a  portion  of  their  depreciation  for  addi- 
tions to  plant  instead  of  for  renewals,  while  the  companies, 
on  the  other  hand,  have  charged  off  only  enough  to  meet 
the  necessary  renewals.  And,  as  a  matter  of  fact,  the 
municipal  plant  returns  indicate  that  about  $20,000  has 
been  put  into  new  construction  during  the  year,  though 
the  records  are  kept  in  such  a  way  that  it  is  frequently 
very  difficult  to  differentiate  additions  and  extensions  from 
renewals.  But  if  we  assume  that  our  figiires  are  correct, 
together  with  the  amount  added  to  depreciation  funds,  we 
could  thus  account  for  at  least  two  fifths  of  the  total  de- 
preciation written  off  by  the  municipal  plants  as  used  for 
purposes  other  than  current  renewals. 

From  a  careful  study  of  the  returns  it  does  not  defin- 
itely appear  that  more  than  $40,000  of  the  total  depreci- 

*  In  two  or  three  instances  small  earning  investments  have  been  created 
at  one  time  and  another.   These,  however,  scarcely  merit  attention. 
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ation  was  used  for  renewals.  This  would  be  equal  to  0.267 
cents  per  kilowatt  hour  delivered,  and  1.4  per  cent  of  the 
total  investment,  or  in  reality  only  slightly  higher  rela- 
tively than  the  amount  written  off  by  the  companies.^ 
It  is  rather  difficult  to  say  exactly  where  the  remaining 
$10,000  to  $15,000  of  their  depreciation  went.  Some  of  it 
was  used  for  extensions,  some  for  renewals,  no  doubt,  and 
some  was  even  transferred  to  the  operating  accounts  for 
current  repairs  and  there  debited.  Also,  it  is  very  certain 
that,  in  view  of  the  comparatively  small  amoimt  charged 
off,  the  entire  depreciation  allowance  made  by  the  com- 
panies was  not  more  than  sufficient  to  cover  renewals  and 
extraordinary  repairs  —  indeed,  it  would  scarcely  seem 
to  be  enough  for  this  purpose. 

Here,  then,  we  have  pretty  good  evidence  that  the 
actual  provisions  for  present  depreciation  may  not  have 
been  particularly  different  in  the  two  groups  after  all. 
And  we  know  conclusively  that  the  companies  are  dis- 
posed to  provide  for  their  depreciation  either  when  it  is 
most  necessary  or  when  it  suits  their  convenience,  rather 
than  according  to  any  fixed  policy. 

3.  Again,  there  is  the  possibility  that  the  companies  are 
more  skillfully  managed  than  the  public  plants,  and  that 
their  equipment  is  newer  and  their  construction  and  engin- 
eering better,  so  that  the  element  of  depreciation  has  been 
reduced  to  a  minimum.  Hence  their  charges  under  this 
head  would  be  correspondingly  low.  There  is  no  doubt  a 
good  deal  of  truth  in  this  argument,  when  we  remember 
that  their  station  units  are  considerably  newer  (7.6  years 
as  opposed  to  9.1  years),  that  they  use  comparatively  few 
foreign  poles,  and  so  would  have  less  trouble  with  their 
lines,  and  that  nearly  half  of  their  distribution  system  has 
been  installed  since  1910.  Local  conditions  may  also  affect 
the  problem,  as  well  as  the  fact  that  there  is  a  certain 

^  The  rate  is  a  little  less  than  that  of  the  companies  actually  reporting 
depreciation  allowances  (1.64  per  cent). 
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amount  of  underground  construction  in  the  companies.  It 
is  also  probable  that  in  the  case  of  many  of  the  plants  the 
personal  factor  is  important;  but  we  are  not  now  in  a 
position  to  state  definitely  just  what  weight  should  be 
attached  to  this  element. 

4.  Furthermore,  it  may  be  suggested  that  the  compan- 
ies are  providing  for  their  depreciation  in  the  operating 
accounts;  that  they  have  adopted  the  "one  hundred  per 
cent  efficiency  "  slogan  of  the  "  boys  "  who  are  in  the  electric 
light  and  power  business,  as  represented  by  the  National 
Electric  Light  Association.  While  they  do  not  call  deprecia- 
tion by  that  name,  they  may  provide  for  it  all  the  same  in 
their  current  repairs. 

But  if  this  were  the  case,  we  would  expect,  other  things 
being  equal,  to  find  a  comparatively  high  unit  cost  for 
repairs  of  central  plant  and  lines.  In  this,  however,  we 
are  somewhat  disappointed,  for  it  appears  that  the  total 
expended  for  repairs  and  renewals  appearing  in  the  oper- 
ating accounts,  was  relatively  lower  per  kilowatt  hour 
delivered  for  the  companies  (0.380  cents)  than  for  the 
municipal  plants  (0.519  cents).  In  relation  to  the  total 
investment  in  both  groups,  the  amounts  thus  expended 
were  respectively  1.83  and  2.78  per  cent.^  Of  course, 
some  of  the  preceding  considerations  regarding  more  care- 
ful management  and  more  modern  equipment,  apply  here 
as  well;  yet  this  argument  is  not  sufficiently  conclusive. 

5.  Finally,  there   is  the  possibility,  in  fact  a  strong 

^  In  making  this  computation  the  writer  has  attempted  to  separate 
out  the  expenditures  strictly  for  repairs  from  the  other  items  in  the  dis- 
tribution expenses.  Consequently,  only  the  entry  "repair  of  lines,  arc 
lamps,  and  meters  "  was  taken  for  the  pubUc  plants,  and  the  items, 
"repairs  and  renewals  of  lines  and  conduits"  and  "repairs  and  renewals 
of  meters  and  transformers,"  for  the  companies.  The  amount  accredited 
to  the  former  under  this  head  will  be  relatively  too  high,  because  it  in- 
cludes arc  lamp  repairs.  If  all  of  the  items  under  distribution  expenses 
which  relate  in  any  way  to  repairs  be  included,  the  ratios  are  increased 
to  2.4  per  cent  and  3.4  per  cent,  respectively,  while  the  difference  be- 
tween the  two  remains  practically  unchanged. 
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probability,  even  granting  that  there  may  be  some  truth 
in  all  of  these  arguments,  that  the  year  1914-15  was  not 
a  typical  year  so  far  as  the  industry  was  concerned. 
Chance  may  have  played  some  part;  but  we  know  further 
that  the  market  conditions  were  abnormal  and  that  the 
price  of  material  became  almost  prohibitively  high.  Under 
these  circumstances,  might  we  not  logically  expect  that 
the  companies,  which  are  bound  by  no  legal  restrictions 
in  the  matter,  would  put  off  until  better  days  a  good  many 
of  the  customary  renewals,  and  consequently  write  off 
a  correspondingly  smaller  amount  of  depreciation?  Might 
they  not  also  be  induced  by  the  desire  to  pay  the  custom- 
ary dividends,  to  postpone  repairs  wherever  possible, 
whereas  the  public  plants  would  be  subject  to  no  such 
influence? 

The  writer  has  satisfied  himself  on  this  point  by  making 
a  careful  study  of  all  of  the  returns  of  each  plant  for  the 
years  1910  to  1915  inclusive.  The  results  of  the  compu- 
tations made  appear  in  the  accompanying  table  (Table  32) 
which  presents  some  unusually  significant  data. 

In  the  first  place,  it  is  evident  that  the  companies,  as 
is  frequently  asserted,  have  provided  for  their  deprecia- 
tion as  it  has  occm-red,  and  that  the  average  yearly  rate 
has  been  even  a  Httle  higher  than  that  of  the  municipal 
plants,  though  there  have  been  wide  fluctuations  from 
year  to  year.  If  the  investment  in  real  estate  were  de- 
ducted in  both  groups,  since  so  large  a  number  of  the  public 
plants  either  do  not  value  their  land  at  all  or  value  it  low, 
the  difference  in  favor  of  the  companies  would  be  even 
more  marked. 

In  the  expenditure  for  repairs,  the  public  plants  have 
maintained  a  remarkable  uniformity,  as  have  also  the 
companies,  if  the  last  year  be  omitted.  In  the  case  of  the 
latter,  the  rate  of  depreciation  charged  off  each  year  does 
not  seem  to  have  had  any  noticeable  effect  upon  the  ratio 
expended  for  repairs,  except  that  in  the  year  when   the 
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depreciation  was  highest,  the  amount  expended  for  repairs 
was  also  highest,  and  in  the  two  years,  when  the  former 
was  lowest  the  latter  was,  strange  to  say,  also  lowest. 
That  these  expenditures  are  proportionately  somewhat 
less  (25  per  cent)  in  the  companies,  is  largely  accounted 
for  by  the  fact  that  they  have  been  making  extensions  and 
improvements  of  all  kinds  apparently  much  more  rapidly 
than  have  the  municipal  plants  —  a  condition  clearly 
shown  by  the  table  of  investments  for  each  year.  The 
reasons  above  given  are  also  of  considerable  significance.^ 

Since  the  two  years  of  most  rapid  growth  in  investment 
are  the  years  of  most  noticeable  decrease  in  the  amount 
of  depreciation  charged  oflP,  there  might  seem  to  be  some 
ground  for  the  assertion  that  the  companies  have  been 
charging  to  capital  account  the  depreciation  which  should 
be  met  out  of  earnings.  But  under  these  circumstances  we 
would  hardly  expect  a  concomitant  decrease  in  the  pro- 
portionate amount  expended  for  repairs  in  the  operating 
accoimt.  Furthermore,  as  it  appears  from  our  earlier 
analyses,  they  have  more  tangible,  serviceable  property  as 
a  result  of  their  capital  outlays  than  have  the  municipal 
plants.  Also  the  reasons  for  the  decreased  expenditure 
for  repairs  have  probably  been  suflSciently  accounted  for. 
Hence  this  particular  objection  does  not  seem  to  be  valid. 

Again,  an  examination  of  the  table  shows  that  in  the 
years  of  least  increase  in  investment,  the  amount  of  depre- 
ciation charged  off  was  highest.  This  fact  clearly  indicates 
that  the  private  plants  have  not  been  deferring  their 
depreciation.    It  may,  however,  be  asserted  with  some 

*  It  must  also  be  remembered  that  the  repair  figures  for  the  companies 
in  1914-15  are  disproportionately  low  when  compared  with  the  figures  for 
the  other  group,  because  they  do  not  include  maintenance  and  renewals 
of  arc  lamps  as  is  the  case  in  the  public  plants.  Also,  in  a  number  of 
cases  the  wages  of  linemen  have  been  included  with  the  general  distribu- 
tion wages  instead  of  with  the  items  for  repairs  and  renewals,  as  in  the 
municipal  plants.  For  this  reason,  again,  the  figures  will  be  somewhat 
too  low. 


222  MUNICIPAL  ELECTRIC  LIGHTING 

assurance  that  in  the  years  of  most  rapid  expansion  the 
Hne  between  renewals  and  actual  additions  or  extensions 
has  not  been  clearly  drawn.  And,  indeed,  few  of  the  plants, 
either  private  or  public,  appear  to  make  any  careful  distinc- 
tion on  this  point,  so  far  as  one  can  gather  from  the  returns 
submitted  to  the  Board.  In  this  connection  it  is  significant 
to  remember  that  the  municipal  plants  themselves  did  not 
in  the  last  year  actually  expend  for  renewals  more  than 
one  half  of  the  depreciation  which  was  appropriated  by 
the  local  authorities,  or  1.5  per  cent  on  the  total  invest- 
ment. 

The  writer's  conclusions  are,  that,  while  there  may  have 
been  one  or  two  doubtful  cases,  and  while  the  marked  drop 
in  the  rate  of  depreciation  charged  off  by  the  companies 
in  1914-15  may  have  been  in  considerable  measure  the 
result  of  abnormal  market  conditions,  yet  the  smaller  rate 
usually  written  off  during  the  years  of  heaviest  invest- 
ment is  sufficiently  accounted  for  by  the  fact  that  the 
great  increase  in  new  assets  and  legitimate  improvements, 
has  naturally  made  the  proportionate  amount  of  annual 
depreciation  less.  Past  history  indicates  that,  with  a  few 
exceptions,  they  are  being  properly  financed  in  this  regard. 
Though  several  of  the  least  efficient  plants,  which  are  usu- 
ally unable  to  pay  dividends,  have  been  negligent  in  the 
matter,  the  remainder  make  an  unusually  good  showing 
for  the  group,  as  compared  with  the  municipal  plants, 
when  we  remember  that  on  the  average  not  more  than  two 
thirds  (10.7)  of  the  entire  number  have  charged  off  depre- 
ciation each  year.  The  average  rate  of  depreciation  for 
those  actually  making  the  allowance  is  considerably  higher 
than  that  of  the  public  plants.  And,  finally,  the  uniformly 
smaller  proportionate  expenditure  by  the  companies  for 
repairs,  while  it  may  depend  slightly  upon  greater  size  of 
plant,  and  while  it  can  in  instances  be  accounted  for  on 
other  grounds,  is  probably  due  to  more  efficient  manage- 
ment and  superior  equipment. 
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This  study,  made  independently  after  the  writer  had 
finished  his  investigation  of  the  physical  development  of 
the  two  groups  of  plants,  seems  not  only  to  confirm  the 
earlier  conclusions  reached,  but  also  these  later  conclu- 
sions derive  their  validity  largely  from  the  earlier  analyses. 
Did  we  not  have  some  tangible  evidence  regarding  the 
physical  conditions  of  our  plants,  we  would  have  great 
diflBculty  in  knowing  whether  a  given  policy  of  investment 
and  depreciation  is  sound  or  the  reverse.  In  order  not  to  be 
led  astray,  the  investigator  of  problems  such  as  these  must 
endeavor  impartially  to  consider  all  of  the  factors  in- 
volved, and  even  then  allowance  must  be  made  for  excep- 
tional cases,  for  local  conditions,  and  for  other  considera- 
tions which  are  too  intangible  to  appear  in  any  published 
records.  In  order  to  discover  whether  the  private  plants 
have  been,  in  the  ideal  sense,  wisely  financed,  it  would  be 
necessary  to  go  through  the  books  of  many  a  voluntary 
association  and  to  delve  into  the  secret  councils  of  many 
a  group  of  investors. 

But  it  is  not  our  purpose  to  attempt  here  to  develop  a 
program  of  financial  reform  for  the  electric  light  and  power 
business  of  the  State,ff,  indeed,  such  be  needed  after  thirty 
years  of  judicious  regulation,  free  from  any  pohtical  bias. 
We  merely  wish  to  make  an  honest  comparison  of  public 
with  private  enterprise.  And,  in  the  important  particular 
which  has  just  been  considered,  a  point  in  which  private 
business  frequently  goes  wrong  and  in  which  public  busi- 
ness, unrestricted,  almost  invariably  fails,  our  group  of 
companies,  many  of  them  far  from  ideal,  some  of  them,  it 
may  be,  controlled  by  individuals  whose  chief  concern  is 
to  make  profits  out  of  them,  and  subject  only  indirectly  to 
commission  control  of  their  depreciation  policy,  have,  in 
the  ultimate  analysis,  in  spite  of  superficial  appearances, 
given  an  equally  good  if  not  better  account  of  themselves 
than  have  the  corresponding  group  of  municipal  plants, 
which  have  been  definitely  restricted  as  to  the  policy  which 
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they  shall  pursue.  Regardless,  however,  of  what  may  have 
been  the  annual  allowances  for  repairs  and  depreciation, 
the  local  survey  will  presently  disclose  the  fact  that  the 
municipal  plants  in  general  have  not  been  so  well  kept  up 
as  have  the  private  plants. 

The  reader  might  very  properly  ask  if  it  is  not  possible 
that  the  policy  followed  by  the  Board  of  Gas  and  Electric 
Light  Commissioners  regarding  the  increase  of  capital, 
may  have  become  more  liberal  during  the  past  two  years, 
thus  leading  to  the  noticeable  increase  in  plant  invest- 
ment, which  might  be  occasioned  partially  by  the  capi- 
talization of  depreciation  in  the  issue  of  new  stock, 
as  well  as  by  the  supposed  practice  of  covering  up  losses 
in  operation  by  the  floating  of  coupon  notes  which  may 
ultimately  be  funded  or  capitalized.  Such,  however,  is 
decidedly  not  the  case.  ^  In  those  very  years  in  which  the 
investment  was  increasing  most  rapidly,  the  laws,  at  the 
urgent  request  of  the  Commissioners,  were  being  made 
more  strict.  Holding  companies  were  abolished,^  the  au- 
thority of  the  Board  over  voluntary  associations  was  more 
definitely  extended,^  and  the  control  over  stock  and  bond 
issued  was  so  increased  that  the  use  to  which  new  capital 
should  be  put  is  to  be  absolutely  prescribed  by  the  Board.* 
Notwithstanding  these  recent  restrictions,  however,  there 
was  no  decrease  in  the  rate  of  issue  of  new  stock  during  the 
last  two  years,  while  for  all  of  the  companies  in  the  State 
there  has  been  an  actual  diminution  in  the  aggregate 
amount  of  notes  and  bonds  outstanding.  For  our  particu- 
lar group  of  plants  there  was,  during  the  year  1914-15, 
an  increase  of  stock  issues  to  the  extent  of  $368,300,  and 

1  Though  Mr.  Forrest  E.  Barker,  who  was  for  nearly  thirty  years  a 
member  of  the  Massachusetts  Board  of  Gas  and  Electric  Light  Commis- 
sioners, and  for  twenty  years  its  chairman,  died  in  1914,  the  Board  in 
its  policies  seems  to  have  been  little  affected  by  this  loss,  —  in  fact  it 
seems  to  be  growing  even  more  strict  in  its  regulation. 

2  Mass.,  1913.  ch.  597.  »  Mass.,  1913,  ch.  509. 
*  Mass.,  1914,  ch.  742,  sect.  39. 
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a  decrease  in  notes  payable  of  $115,769,  while  the  bond 
issues  remained  unchanged.  This,  upon  the  whole,  surely 
indicates  a  healthy  condition  of  finance. 

2.  Othee  Compaeisons  of  Financial  Results  of 
Operation 

Perhaps  it  will  be  of  some  interest  to  attempt  a  few 
additional  comparisons  of  the  financial  results  of  operation 
in  the  two  groups  of  plants.  Accordingly,  our  first  concern 
is  to  make  the  data,  as  nearly  as  may  be,  comparable.  The 
accompanying  tables  (Tables  33,  34,  35,  and  36)  indicate 
the  relations  which  exist. 

In  Table  33,  we  note  that,  when  the  street  lighting  in- 
come of  the  companies  is  deducted  from  the  gross  income, 
and  when  the  taxes  paid  are  eliminated,  the  comparable 
operating  ratios  are  66.8  per  cent  for  the  companies  and 
83.7,  more  than  25  per  cent  higher,  for  the  municipal  plants. 
The  difference  in  favor  of  the  former  is  even  more  marked 
if  we  omit  the  amount  paid  for  salaries  of  corporation 
officials  —  an  expense  not  incurred  by  the  public  plants. 

Again,  in  Table  34,  it  appears  that  the  comparable  net 
income  is  nearly  four  times  as  great  for  the  companies  as 
for  the  municipal  plants.  Since,  however,  on  account  of 
their  greater  sales  of  current,  the  companies  would  be 
expected  to  have  a  larger  net  income,  we  can  make  an  ad- 
justment for  this  difference  by  assuming  that  they  should 
have  a  net  income  in  proportion  to  the  extent  of  their 
business,  84  per  cent  greater  than  that  of  the  other  group. 
But,  even  when  this  allowance  is  made,  we  find  that  they 
still  have  an  advantage  of  about  $200,000  over  the  munici- 
pal plants,  an  amount  equal  to  a  little  less  than  4  per  cent 
on  their  entire  investment.  Perhaps  another  slight  ad- 
justment should  be  made  in  order  to  allow  for  their  lower 
expenses  of  production  on  account  of  greater  size.  To 
attempt  this,  however,  might  cause  us  to  beg  the  whole 
question,  because  it  is  largely  due  to  their  greater  eflS- 


226  MUNICIPAL  ELECTRIC  LIGHTING 

Table  33.   Generating  Plants:  Comparison  of  Financial 
Results  of  Operation  ^ 

Municipal 

Companies  Plants 

Operating  income. $1,417,235  $671,761 

Deduct  street  lighting  income 264,641 

Comparable  income $1,152,.594  671,761 

Operating  expenses $872,935  $562,643 

Operating  ratio 61 . 6% 

Deduct  taxes 104,591 

Comparable  (?)  expenses  (a) $768,344  562,643 

Deduct  salaries  of  officers 48,200 

Comparable  expenses  (6) $720,144  562,643 

Comparable  operating  ratio  (a) 66 . 8%  83 . 7% 

Comparable  operating  ratio  (ft) 62 . 6%  83 . 7% 

>  Holyoke  excluded  in  all  of  these  tables. 


Table  34.  Generating  Plants  :  Comparison  op  Financial 
Results  of  Operation  (continued) 

Municipal 
Companies  plants 

Net  income $544,300       $109,118 

Deduct  street  lighting  income 264,641 

Total $279,659 

Add  taxes  paid 104,591 

Comparable  net  income  (a) $384,250         109,1 18 

Add  salaries  of  officers 48,200 

Comparable  net  income  (6) $432,450         109,118 

Kilowatt  hours  sold  for   all   purposes  except 

street  lighting 20,944,853     11,394,749 

Excess   of  sales  of   companies   over   sales   of 

municipal  plants 84% 

Expected  net  income  of  companies  (84%  more 

than  that  of  municipal  plants) $200,777 

Advantage  of  companies  (a) 183,473 

(6) 231,673 
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Table  35.  Generating  Plants  :  Comparison  of  Financial 
Results  of  Operation  {continued) 

Municipal 
Companies  ■plants 

Case  (1) 

Actual  disposal  of  net  income: 

Comparable  net  income  (a) $384,250        $109,118 

Comparable  net  income  (6) 432,450 

Profit  and  loss  income $22,222  2,957 

Total  (a) $400,472        $112,075 

Total  (6) 454,672 

Actual  charges  against  net  income: 

Interest 90,094  62,143 

Depreciation 56,314  92,306 

All  other  charges 23,415  8,090 

Total $169,823        $162,545 

Surplus  (a) $236,649         $50470* 

(b) 284,849 

Per  cent  on  capital  stock  ($2,964,600)  (a).  8.0 

(6).  9.5 
Per  cent  on  total  investment  ($5,284,275) 

(a) 4.5               l,7t 

(6) 5.4 

Case  (2)  - 

Assuming  equal  rate  of  depreciation  (3%), 

add  to  company  charges $100,296 

Surplus  (a) 136,353 

(b) 184,722 

Equivalent  to  per  cent  on  capital   stock 

of  (a) 4.6 

(b) ._ 6.2 

Equivalent  to  per  cent  on  total  investment 

of  (a) 2.6 

(6) 3.5 

Case  (3) 

Charging  against  municipal  net  income, 
sinking  fund  and  maturing  debt  pay- 
ments, as  the  Massachusetts  Law  pre- 
scribes: 

Sinking  fund  charges $  24,596 

Bonds  and  notes  paid 55,797 

Total  charges  (including  above) $242,938 

Deficit $130,863 

Per  cent  on  total  investment 4.5 

•  Deficit.  t  Loss. 
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Table  36.  Generating  Plants:  Compaeison  of  Financial 
Results  of  Operation  {concluded) 

Municipal 
Companies  _  plants 

Case  (1) 

Theoretical  disposal  of  net  income: 

Assuming  that  the  same  rate  of  depreci- 
ation (3%)  is  charged  off  in  both  cases 
and  that  the  same  rate  of  interest  (4%) 
is  paid  on  the  total  investment. 
.Comparable  net  income   (including  profit 

'      and  loss  income  (a) $406,472       $112,075 

(b) 454,672       

Charges  against  net  income: 

Interest  at  4% 211.371  116,953 

Depreciation  at  3% 158,528  87,715 

AU  other  charges 23,415  8,096 

Total $393,314  212,774 

Surplus  (a) ■       13.158         100,699* 

(6) 61,358 

Per  cent  on  total  investment  (a) . .  0.3  3.4t 

(&)..  1.2 


Case  (2)  ,      .      .  j         • 

Assuming  only  an  equal  rate  of  depreci- 
ation (3%)  charged  off  in  each  case,  but 
that  interest  is  paid  by  municipal  plants 
on  their  entire  investment  at  the  cus- 
tomary rate  (4%)._ 

Charges  against  net  income : 

Interest  $90,094       $116,953 

Depreciation '     158,528  87,715 

AU  other  charges 23,415  8.096 

Total $272,037       $212,774 

Surplus  (a) '    $134,435      $100,699* 

(b) $182,804 

Equivalent  to  dividend  on  total 

investment  of  (a) 2 . 6%  3.■l^%J 

.   (6) 3.5% 

^!  Deficit.,  I  1 1-033. 
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ciency  that  they  reap  the  higher  returns,  for  we  have  dis- 
covered that  their  rates  are  in  the  aggregate  sHghtly  lower 
than  those  of  the  pubhc  plants. 

We  may  also,  as  in  Table  35,  compare  the  actual  dis- 
posal of  net  income  in  the  two  cases,  aside  from  dividend 
payments  of  the  companies,  whereupon  it  is  evident  that 
the  comparable  surplus  of  the  private  plants  is  from  4.5 
to  5.4  per  cent  of  the  total  investment,  according  to 
whether  or  no  we  make  an  allowance  for  officers'  salaries. 
The  public  plants,  on  the  contrary,  are  subject  to  a  deficit 
of  $50,470,  so  that  the  difference  between  the  two  is  nearly 
$300,000.  If,  however,  we  assume  the  same  rate  of  deprecia- 
tion to  be  paid  in  each  case,  the  advantage  of  the  com- 
panies is  reduced  by  about  $100,000,  On  the  other  hand, 
if  the  current  sinking  fund  and  maturing  debt  payments 
be  charged  against  the  public  plants,  —  as  indeed  they 
rightfully  should  be,  since  they  are  an  actual  outlay  result- 
ing from  municipal  ownership,  —  we  must  add  more  than 
$80,000  to  the  deficit  of  the  latter,  so  that  the  spread  be- 
tween the  two  remains  about  as  before. 

Finally,  if  the  same  rate  of  depreciation  be  allowed  in 
each  case,  as  in  Table  36,  and  if  interest  be  computed  upon 
the  entire  municipal  plant  investment,  with  no  subtractions 
for  sinking  fund  and  maturing  debt  payments,  we  find 
that  the  companies  still  have  a  surplus  of  2.5  to  3.5  per  cent 
on  their  investment,  while  the  municipal  plants  have  lost 
an  amount  equal  to  3.4  per  cent  of  their  investment. 
Furthermore,  if  the  interest  be  computed  at  the  lowest 
rate  that  would  have  to  be  paid  by  the  companies  (5  per 
cent),  it  would  be  necessary  to  add  $30,000  to  this  deficit, 
whereby  it  would  be  raised  to  4.5  per  cent.  Viewed  from 
any  angle,  when  the  same  tests,  as  nearly  as  may  be,  are 
applied  to  both,  it  appears  that  the  financial  efficiency 
of  the  companies,  as  measured  by  results,  is  considerably 
ahead  of  that  of  the  other  group. 
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3.  The  Cost  of  Stkeet  Lighting  to  the  Municipalities 
OWNING  their  Electric  Plants  ^ 

Much  ink  has  been  spilled  in  various  vain  attempts  to 
prove  or  disprove  the  advantages  of  municipal  ownership 
by  a  study  of  the  rates  which  are  charged,  or  which  might 
have  been  imposed  under  private  ownership,  or  which 
existed  before  the  change  in  ownership  was  made.  Many 
have  appeared  to  think  that  if  a  municipaUty  owning  its 
plant  ha.'ppens  to  secure  its  street  lighting  for  a  little  less 
than  it  would  have  paid  to  some  private  concern,  public 
ownership  is  thereby  demonstrated  to  be  a  success.  Others, 
with  no  purpose  except  to  make  out  as  bad  a  case  as  possi- 
ble for  public  business,  have  unreasonably  included  numer- 
ous imaginary  items  in  the  expenses  which,  as  they  assert 
should  be  charged  against  the  current  which  the  munici- 
palities use  for  street  lighting. 

But,  as  has  already  been  suggested,  rates  are  but  the 
uncertain  reflections  of  the  more  fundamental  elements  in 
the  problem.  In  themselves  they  may  mean  much  or 
nothing;  and  they  are  usually  misleading  if  we  attempt 
from  a  superficial  study  to  draw  conclusions.  Without  a 
doubt,  many  items  of  expense  which  public  plants  are  prone 
to  overlook  must  be  included,  if  we  are  honestly  trying  to 
discover  what  street  lighting  really  costs,  under  municipal 
ownership,  in  the  economic  sense,  as  distinguished  from 
what  is  actually  paid  in  the  commercial  sense.  Just  where 
the  line  should  be  theoretically  drawn,  is  a  difficult  matter 
to  decide. 

Now,  we  have  found  that  the  territory  occupied  by  the 
companies  is  a  much  more  difficult  territory  to  serve  than 
that  of  the  public  plants.  They  have  been  more  liberal 
in  their  extension  policy,  and  have  legitimately  incurred  a 
much  greater  proportionate  investment  per  customer  than 
have  the  other  group.  All  in  all,  since  the  character  of  the 

1  Cf.  Mass.  G.  &  E.,  xxxi :  304-306.  See  Appendix,  pp.  454,  456. 
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business  done  seems  to  be  not  much  different  in  the  two 
cases,  we  might  have  expected  somewhat  higher  rates  in 
the  companies  than  in  the  pubHc  plants.  Yet,  in  spite  of 
the  considerations  just  mentioned,  and  in  spite  of  the 
additional  operating  expenses  due  to  taxes,  salaries  of 
officers,  getting  new  business,  rentals,  et  cetera,  we  have 
found  their  average  rates  somewhat  lower,  particularly 
when  street  lighting  has  been  ehminated. 

Under  these  circumstances,  as  the  municipal  plants 
appear  to  have  given  no  advantage  in  the  way  of  lower 
rates  to  their  customers,  and,  in  fact,  in  proportion  to  the 
service  rendered,  have  charged  noticeably  more  than  the 
other  group,  we  are  justified  in  weighing  against  the  street 
lighting  account  all  of  those  charges  actually  incurred  over 
and  above  the  amount  that  can  be  met  out  of  the  net  in- 
come. In  addition,  we  should  include  some  other  items  of  cost, 
which,  though  not  so  obvious,  are  none  the  less  real.  The 
tables  herewith  given  will  indicate  the  results  of  some  of  the 
various  methods  of  computations  which  may  be  employed. 

Table  37.  Cost  of  Street  Lighting  to  Municipalities 
OWNING  their  Generating  Plants  ^ 

Cost  of  street  lighting  as  it  appears  from  the  returns: 

Net  income  from  operation $109,118 

Other  items  of  income 2,937 

Total $112,075 

Charges  against  income 

Interest  actually  paid 62,143 

Depreciation 92,306 

Other  cost  items 8,096 

Total $162,545 

Deficit  in  return  for  which  street  lighting  is  secured $50,470 

Number  of  K.W.H.  used  for  street  lighting 3,589,262 

Apparent  cost  per  K.W.H.  (cents) 1.400 

Price  charged  for  street  lighting  by  companies  (cents) 7.575 

Apparent  gain  per  K.W.H.  as  a  result  of  municipal  owner- 
ship (cents) 6.175 

Equivalent  to  (about) $221,800 

I  Holyoke  omitted  throughout. 
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Table  38.  Cost  of  Street  Lighting  to  Munticipalities 
OWNING  their  Generating  Plants  (continued) 

Sinking  fund  and  maturing  debt   payments  included    (since 
they  are  incurred  as  a  result  of  municipal  ownership) : 

Total  income  available $11 2,075 

Total  charges  from  preceding  table $162,545 

Sinking  fund  payments 24,596 

Note  and  bond  payments 55,797 

Total $242,938 

Deficit  to  be  charged  against  street  lighting $130,863 

Apparent  cost  per  K.W.H.  (cents) 3.640 

Price  charged  by  companies  (cents) 7 .  575 

Apparent  gain  (cents) 3. 935 

Equivalent  to  (about) $140,400 


Table  39.  Cost  of  Street  Lighting  to  Municipalities 
OWNING  their  Generating  Plants  (continued) 

Add  to  deficit  shown  in  Table  38  the  taxes  lost  by  municipal- 
ities owning  their  plants,  computed  at  the  same  rate  paid 
by  companies: 

(a)  Taxes  at  0.428  (cents)  per  K.W.H.  delivered 64,200 

(b)  Taxes  at  12  per  cent  of  operating  expenses 76,724 

(c)  Taxes  at  2  per  cent  on  total  investment 58,480 

Deficit  (a) $195,063 

(b) 207,587 

(c) 189,343 

Cost  of  street  light  per  K.W.H.  (cents) 

(a) •    5.420 

(b) 5.770 

(c) 5 .  260 

Gain  per  K.W.H.  (cents) 

(a) 2.1.55 

(b) 1 .  805 

(c) 3.315 

Equivalent  to  (a) $77,600 

(b) 64,800 

(c) 82,800 
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Table  40.  Cost  of  Street  Lighting  to  Municipalities 
OWNING  their  Generating  Plants  (continued) 

Same  as  Table  39: 

Except,  to  make  the  data  comparable,  add  salaries  of 
ofBcers  to  expenses,  computed  at  the  same  rate  per 
K.W.H.   delivered  as   in   the  case  of  the  companies 

(0 .  200  cents) $30,000 

Equivalent  to  rate  per  K.W.H.  used  for  street  lighting  of 

(cents) 0.830 

Which,  added  to  the  above  rates,  makes  the  cost  of  street 
lighting  per  K.W.H.  (cents) 

(a) 6.250 

(b) 6 .  600 

(c) 6.090 

Total  apparent  gain  to  municipalities: 

(a) $47,600 

(b) 34,800 

^    (c) 52,800 

Table  41.  Cost  of  Street  Lighting  to  Municipalities 
OWNING  their  Generating  Plants  (concluded) 

Interest  computed  on  entire  investment  (at  rate  paid  on  out- 
standing debt) : 
Total  available  income $112,075 

Charges  against  income: 

Interest  (@  4%) $116,953 

Depreciation 92,306 

Other  cost  items 8,096 

Total $217,355 

Add  taxes  lost  (0 .  428  cents  per  K.W.H.  delivered) 64,200 

Total  charges $281,555 

Deficit $169,480 

Cost  per  K.W.H.  for  street  lighting  (cents) 4.710 

Gain  over  company  rate  (7.575  cents) 2 .  865 

Equivalent  to  (about) $101,100 

In  order  to  put  the  public  plants  on  the  same  bases  for 
comparison  as  the  companies,  we  should  deduct  from 
this  apparent  gain: 

(a)  Additional  interest  which  would  be  paid  under 

private  ownership  (1%) 29,238 

(6)  Salaries  which  would  have  been  paid  to  oflScers.        30,000 

Total ,,o,..      $59,238 

Equivalent  to  rate  per  K.W.H.  used  for  street  lighting  of 

(cents) 1 .650 

Making  cost  per  K.W.H.  (cents) 6.360 

Apparent  gain  from  municipal  ownership  of $41,800 

Equivalent  to  per  cent  on  investment  ($2,923,825)  of . . .         1.4+ 
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In  Table  37  are  indicated  the  ordinary  charges  against 
net  income,  aside  from  sinking  fund  and  note  and  bond 
payments,  which  were  actually  incurred  during  the  year. 
From  this  simple  analysis  it  would  appear  that  the  plants 
were  subject  to  a  deficit  of  only  $50,470,  which  is  equiva- 
lent to  1.400  cents  per  kilowatt  hour  used  for  street  light- 
ing, or  6.175  cents  below  the  average  rate  charged  for  this 
service  by  the  group  of  companies  under  consideration. 
This  would  be  equal  to  an  apparent  saving  of  $221,800 
as  a  result  of  municipal  ownership.  Unfortunately  this  is 
literally  too  good  to  be  true. 

Our  next  table  (38)  carries  the  analysis  somewhat  farther 
and  includes  the  sinking  fund  and  maturing  debt  pay- 
ments, which  are  a  current  charge  that  must  be  met  out 
of  the  tax  levy  if  not  out  of  income,  and  which  would  never 
have  been  incurred  had  not  the  municipality  owned  its 
plant.  Having  made  this  addition,  we  find  that  the  deficit 
which  might  be  considered  the  "cost"  of  street  lighting, 
is  increased  to  $130,863,  and  that  the  apparent  saving 
under  public  ownership  is  $140,400. 

If  any  one  should  ask  what  policy  is  to  be  pursued  when 
the  debt  has  all  been  paid  off,  the  logical  reply  is  that,  so 
far  as  can  be  determined  from  our  study  of  the  situation, 
it  is  scarcely  probable  that  a  progressive  plant  will  ever 
be  debt  free,  unless  it  draws  upon  the  tax  levy  for  capital 
charges.  There  must  be  constant  new  investment  in  order 
to  keep  up  with  the  progress  of  the  arts  and  the  growth 
of  industry  and  population. 

But  thus  far  we  have  failed  to  make  allowance  for  the 
fact  that  the  public  plants  have  not  been  paying  the  taxes 
which  a  private  business  would  have  paid.  The  income  thus 
lost  must  simply  be  made  good  hy  levying  at  a  higher  rate 
upon  other  private  property.  Bricks  cannot  be  made  without 
straw:  municipalities  cannot  be  financed  without  funds. 
Expenses  foregone  should  result  in  correspondingly  lower 
charges  for  service  under  municipal  ownership.    Since  we 
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have  found  this  not  to  be  the  case,  and  since  the  rates 
appear  to  be  comparatively  higher  for  the  pubhc  plants, 
it  is  logical  to  charge  against  the  street  lighting  account 
the  additional  contributions  made  by  the  taxpayers  —  a 
burden  of  which  they  would  have  been  relieved,  had  the 
electric  plants  been  privately  owned.  This  is  very  tangibly 
a  part  of  the  real  cost  to  the  community.  Doubtless  the 
principle  here  involved  is  too  well  understood  to  merit 
further  comment.^ 

Accordingly,  we  have  computed  the  taxes  lost  at  the 
same  rate  as  is  paid  by  the  companies  (Table  39).  This 
can  be  variously  estimated  at  0.428  cents  per  K.W.H. 
delivered,  at  12  per  cent  of  the  operating  expenses,  or  at 
about  2  per  cent  of  the  total  investment,  based  upon  the 
relative  amount  paid  for  taxes  by  the  companies.  Thus 
the  deficit  is  increased  by  about  $60,000  to  $75,000,  and 
the  gain  through  decreased  cost  of  street  lighting  as  a  result 
of  public  ownership,  drops  to  about  $75,000.- 

But  municipal  light  boards,  selectmen,  mayors  and 
aldermen,  municipal  treasurers  and  auditors,  not  to  men- 
tion others,  have  contributed  to  the  mimicipal  plants,  with 

^  In  England,  and  probably  in  Germany,  surpluses  earned  by  the  mu- 
nicipal lighting  department  are  frequently  used  for  other  public  pur- 
poses, and  thus  effect  a  lowering  of  the  tax  rates.  This,  however,  could 
not  happen  in  Massachusetts.    Cf.  Mass.,  1914,  ch.  742,  sect.  114. 

2  The  computation  based  on  the  total  investment  makes  the  estimated 
taxes  disproportionately  small,  due  to  the  conditions  of  investment 
existing  in  the  public  plants,  as  previously  discussed.  Had  the  plants 
been  privately  owned,  so  far  as  we  can  judge  from  our  study,  taxes  would 
have  been  secured  on  a  considerably  increased  investment;  hence  the 
municipalities  have  lost  relatively  a  greater  sum. 

Probably  the  percentage  computation,  12  per  cent  of  the  operating 
expenses,  is  the  closest  approximation,  and,  though  the  figures  thus 
reached  are  absolutely  highest,  the  public  plants  really  are  given  a  con- 
siderable advantage,  for  without  salaries  of  officers,  etc.,  the  taxes  would 
form  a  comparatively  higher  portion  of  the  total  expenses. 

The  computed  amount  based  on  the  rate  per  kilowatt  hour  delivered, 
is  reasonably  satisfactory,  though  probably  too  low,  since,  for  obvious 
reasons,  the  unit  cost  for  this  item  might  tend  to  grow  higher  as  the  out- 
put of  the  plant  becomes  smaller. 
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little  or  no  remuneration,  the  services  which,  in  the  com- 
panies, are  performed  by  the  salaried  officers.  This  freely 
rendered  service  should  be  reflected  in  lower  commercial 
rates,  and,  in  lieu  of  that,  the  street  lighting  should  cost 
correspondingly  less.  Hence  another  adjustment  may 
be  made  for  this  item,  estimated  at  the  same  rate  paid 
by  the  companies,  if  we  wish  to  find  out  bow  much  the 
street  Hghting  is  really  costing.^  Having  made  this  cal- 
culation, the  "gain"  of  the  public  plants  is  further  re- 
duced to  $35,000  or  $45,000  —  not  a  very  princely  sum 
(Table  40). 

We  may,  however,  approach  the  problem  from  another 
point  of  view,  and  in  addition  to  the  taxes  lost  we  can 
include  interest,  at  the  customary  rate,  on  the  total  invest- 
ment, —  not  merely  on  the  bonds  and  notes  outstanding 
(Table  41).  The  resulting  figures  seem  to  indicate  that 
the  municipalities  have  saved  about  2.865  cents  per  kilo- 
watt hour  on  their  street  lighting,  or  in  the  aggregate  some- 
what more  than  $101,000.  If  the  salaries  which  would 
have  been  paid  to  officers  be  also  added,  so  that  our  stand- 
ard of  measurement  may  be  kept  unchanged  from  the 
point  of  view  of  operating  efficiency,  we  must  reduce  this 
amount  by  about  $30,000.  And,  finally,  if  allowance  be 
made  for  the  higher  rate  of  interest  which  would  have  been 
paid  under  private  ownership  (at  least  1  per  cent)  and  which 
should  also  be  reflected  in  lower  cost  of  street  lighting,  we 
must  make  a  further  reduction  of  almost  $30,000,  so  that 
the  total  advantage  is  slightly  less  than  $42,000,  or  1.4 
per  cent  on  the  entire  investment.  Naturally  the  sinking 
fund  and  maturing  debt  payments  are  not  included  in  this 
particular  computation,  for,  since  we  have  charged  interest 

^  It  makes  no  difference  whether  we  deduct  from  the  company  rate, 
which  is  our  standard  of  measurement,  the  saving  in  costs  which  theo- 
retically should  be  effected  in  such  cases  as  this  — •  and  then  note  the 
difference  between  this  corrected  rate  and  the  actual  municipal  ra,te; 
or  whether  we  simply  add  the  item  to  the  previously  indicated  cost  of 
street  lighting,  and  subtract  the  total  from  our  standard,  7.575. 
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on  the  total  investment,  that  would  seem  to  amomit  to 
"paying  interest  on  the  debt  already  paid." 

As  to  whether  or  not  interest  on  the  total  investment 
should  be  included  in  such  cases  as  this,  where  a  consider- 
able portion  of  the  debt  has  been  paid  off  and  where  an- 
other portion  has  been  "borrowed"  from  the  taxpayers 
in  the  form  of  "appropriations  for  construction,"  there  has 
been  much  diversity  of  opinion.  The  writer,  however,  is 
clearly  convinced  that  the  position  which  he  has  taken  is 
logically  sound.  ^  In  order  to  find  out  what  a  service  ren- 
dered by  the  public  really  costs  in  the  economic  sense,  we 
must  not  lose  sight  of  any  of  the  capital  involved  in  the 
production  of  that  service.  The  mere  fact  that  bonds  and 
notes  have  been  paid  off  through  the  tax  levy,  or  even  out 
of  earnings,  does  not  in  any  particular  alter  the  fact  that 
just  so  much  capital  has  been  invested  by  the  public,  on 
which  a  fair  return  should  be  earned  —  and  this,  in  the 
present  instance,  would  be  expected  to  show  itself  in  the 
lower  cost  of  street  lights.  Even  if  the  debt  had  been  can- 
celed out  of  earnings,  it  must  still  be  remembered  that 
the  customer  has  contributed,  yes,  invested,  his  money,  as 
a  result  of  paying  more  for  the  service  than  that  service 
cost  the  municipality.  This  does  not  at  all  mean  that  he 
would  capitalize  against  the  customers  of  a  municipal  plant 
past  profits  in  operation.  It  does  mean  that,  in  computing 
the  actual  cost  of  street  lighting,  we  must  not  let  the  higher 
charges  to  the  consumer  carry  the  street  lighting  account. 

In  practically  all  cases,  as  just  stated,  the  investment 
in  addition  to  that  represented  by  the  outstanding  debt, 
has  been  created  by  means  of  appropriations  from  the  tax 

^  The  view  herein  held  is  confirmed  by  letters  which  the  writer  has 
received  from  New  York  Public  Service  Commission  of  the  Fu-st  District 
and  from  the  Wisconsin  Railway  Commission.  It  is  also  consistent 
with  the  INIassachusetts  law  regarding  the  cost  of  service  of  the  public 
plants;  and  for  nearly  twenty  years,  the  Massachusetts  Board  of  Gas 
and  Electric  Light  Commissioners  has  considered  interest  on  the  total 
investment  in  making  its  calculations. 
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levy  either  for  construction  or  for  the  payment  of  maturing 
debt;  hence  the  question  is  reUeved  of  some  of  its  complex- 
ity. The  practice  followed  by  some  of  the  public  plants  of 
appropriating  liberally  from  the  tax  levy  for  street  lights, 
depreciation,  and  interest  payments,  and  then  appropriat- 
ing from  earnings  for  note  and  bond  payments,  is  a  naive 
way  of  covering  up  the  actual  financial  conditions.  In- 
stances of  bona  fide  payment  out  of  earnings  are  exceed- 
ingly rare  except  in  the  case  of  Holyoke.^ 

So  far  as  the  writer  can  determine,  the  case  is  not  par- 
ticularly affected,  whether,  on  the  one  hand,  to  the  cus- 
tomary charges  against  net  income  we  add  sinking  fund 
and  maturing  debt  payments  as  well  as  taxes  lost  (together 
with  the  theoretical  item  of  "salaries  of  officers,"  in  order 
to  be  exact),  or,  on  the  other  hand,  omitting  sinking  fund 
and  debt  payments,  we  include  the  interest  on  the  entire 
investment.  The  latter  position,  however,  would  appear 
to  be  the  more  correct  one. 

What  does  the  small  advantage  in  the  price  paid  for 
street  lighting  according  to  these  computations  really 
mean?  In  the  light  of  our  earlier  investigations  it  signifies 
very  little.  In  the  first  place,  even  this  "profit"  would 
probably  be  wiped  out  if  we  were  to  apply  all  along  the  line 
the  same  tests  to  the  public  plants  as  to  the  private  plants. 
In  addition  to  taxes  and  salaries  of  officers  which  have 
aheady  been  discussed,  there  would  be  interest  on  a  higher 
and  frequently  much  needed  investment,  together  with 
a  number  of  other  operating  charges.  In  the  second  place, 
we  should  expect  the  street  lighting  costs  in  the  municipal 
plants  to  be  much  lower  than  in  the  other  group,  because 
of  the  longer  number  of  hours'  use  of  lamps  per  night  (9.1 
hours  as  contrasted  with  7.6  hours),  as  well  as  because  of 

^  So  far  as  the  writer  is  informed,  the  municipal  plant  of  South  Norwalk, 
Connecticut,  is  the  only  public  plant  which  makes  allowance  for  taxes  lost, 
interest  on  total  investment,  and  in  addition  a  reasonable  return  on  capital 
invested. 
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the  more  favorable  territory  served  and  the  shorter  Hnes 
per  lamp  (511  feet  vs.  617  feet).  But,  on  the  other  hand, 
many  gains  along  other  lines  under  private  ownership 
might  be  cited.  The  tables  show  that  the  companies  not 
only  could  have  given  absolutely  free  street  lighting  to  their 
municipalities,  but  also  that  in  addition  they  would  have 
been  able  to  make  a  considerable  profit  if  put  on  the  same 
basis  as  the  public  plants.  There  are  also  good  reasons 
for  believing  that  the  quality  of  street  lighting  service 
rendered  by  the  public  plants  is,  in  some  instances  at  any 
rate,  inferior  to  that  demanded  and  secured  from  the 
privately  owned  plants. 

However,  it  is  futile  to  carry  this  discussion  further. 
The  results  of  our  analyses  in  this  chapter  seem  to  indicate 
that  the  municipal  plants  in  general  have  simply  held  their 
own  financially,  even  though,  in  some  instances,  it  may 
have  been  at  the  customer's  expense.  The  actual  "profit" 
which  they  are  at  present  making  is  practically  negligible. 

Having  made  a  similar  study  of  the  cost  of  street  hghting 
for  the  year  1909-10,  the  writer  finds  that  the  conditions 
then  were  not  greatly  different  from  those  met  with  in 
1914-15.  For  earlier  years  it  is  difficult  to  secure  accurate 
information,  as  the  current  was  not  usually  metered. 

Summary 

The  main  points  developed  in  the  present  chapter  may 
be  summed  up  as  follows: 

1.  The  interest  rates  paid  by  the  municipal  plants  are 
from  1  to  1.5  per  cent  lower  than  the  rates  paid  by  the 
companies.  The  average  rate  of  dividends  paid  by  the 
latter  are  at  present  rather  liberal,  though  probably  not 
excessive,  in  view  of  the  earlier  low  rates  and  complete 
absence  of  returns  in  several  cases. 

2.  While  the  average  depreciation  allowances  made  by 
the  companies  in  1914-15  was  relatively  much  lower  than 
that  made  by  the  public  plants,  this  year  is  found  not  to 
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be  by  any  means  typical.  On  the  contrary,  during  the 
five-year  period  studied,  the  average  rate  charged  off  by 
the  private  plants  was  fully  as  high  as  that  written  off  ac- 
cording to  law  by  the  other  group.  A  few  of  the  com- 
panies, however,  have  been  very  lax  in  this  regard. 

3.  The  average  expenditures  for  repairs  during  the  period 
1910  to  1915  have  been  relatively,  though  not  conspicu- 
ously, lower  for  the  companies. 

4.  When  put  on  a  reasonably  comparable  basis,  the 
financial  showing  made  by  the  municipal  plants  is  consid- 
erably less  satisfactory  than  that  made  by  the  companies. 

5.  The  only  financial  gain  accruing  to  the  communities 
owning  their  plants,  is  that  they  apparently  secure  their 
street  hghting  at  a  slightly  lower  cost  per  kilowatt  hour 
than  would  otherwise  have  been  the  case.  This  gain,  how- 
ever, is  too  small  to  be  of  any  consequence,  when  consid- 
ered in  connection  with  the  facts  as  we  now  know  them. 

6.  There  does  not  seem  to  be  any  direct  relation  existing 
between  the  size  of  the  municipal  plants  and  the  estimated 
financial  gains  accruing  through  a  lower  cost  for  street 
lighting. 


Tentative  Conclusion  on  the  Financial  Results  of  Public  Ownership 

Finally,  so  far  as  the  financial  aspects  of  operation  are 
concerned,  there  seems  to  be  little  in  the  rates  and  less  in 
the  investment  policy  to  cause  us  to  feel  optimistic  on  the 
subject  of  municipal  ownership  in  the  cases  studied.  Nor, 
on  the  other  hand,  have  they  apparently  made  any  con- 
spicuous failures,  except  in  one  or  two  instances.^  They 
simply  seem  to  have  had  the  pleasure  of  doing  for  them- 
selves, with  slight  tangible  returns,  what  might  have  been 
done,  and  perhaps  better  done,  by  private  enterprise. 
When  we  take  into  consideration  the  great  loss  which  is 
certain  to  result  when  a  number  of  the  generating  plants 
are  junked  and  current  is  purchased  from  private  con- 

»  Hull  and  Wakefield. 
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cerns,  —  a  tendency  which  is  at  present  well  defined,  both 
in  the  public  and  the  smaller  private  plants,  —  the  out- 
look is  not  reassuring. 

True  it  is,  in  many  cases  considerations  other  than  finan- 
cial may  be  of  the  greater  importance  in  questions  of  pub- 
lic ownership.  To  this  aspect  of  the  matter  some  attention 
has  already  been  directed  and  further  reference  will  pres- 
ently be  made.  Yet  we  must  not  forget  that  a  commercial 
enterprise,  whether  in  private  or  in  public  hands,  should 
normally  meet  both  the  physical  and  the  financial  tests. 
From  the  coldly  practical  point  of  view,  if  our  public  plants 
fail  in  either  of  these  tests  when  compared  with  private 
industry,  the  burden  of  proof  being  naturally  put  upon 
them,  they  cannot  be  called  a  success.  If  it  be  contended 
that  our  decision  should  be  based  on  more  ideal  and  less 
tangible  considerations,  it  may  be  suggested  in  reply  that 
we  are  in  danger  of  losing  ourselves  in  a  maze  of  uncer- 
tainties even  greater  than  those  at  present  encountered,  as  a 
consequence  of  attempting  primarily  to  measure  the  results 
of  commercial  business  by  other  than  commercial  tests. 
It  is  a  question  whether  the  demands  of  poHtical  expedi- 
ency should  normally  ever  outweigh  the  physical  and 
financial  eflSciency  in  matters  of  this  kind.  And,  surely, 
if  the  commercial  tests  fail,  there  must  be  some  unusually 
urgent  political  or  social  motive  in  order  to  justify  any 
change  from  private  ownership. 


CHAPTER  VIII 

FINANCIAL  STATISTICS  OF  THE  PURCHASING  PLANTS 

1.  The  Capital  Account  ^ 

After  the  detailed  analysis  which  has  been  made  of 
the  financial  data  of  the  two  groups  of  generating  plants, 
it  will  be  possible  to  review  rapidly  the  less  important,  but 
constantly  increasing  group  of  plants  which  purchase  their 
current.  The  same  methods  of  study  will  be  followed  as  in 
the  preceding  case. 

Accordingly,  we  find  that  it  makes  practically  no  dif- 
ference whether  we  select  as  the  total  investment  in  the 
municipal  plants,  the  aggregate  liabilities  created  by  the 
outstanding  debt,  and  the  appropriations  from  the  tax 
levy  for  debt  payments  and  for  construction,  or,  on  the 
other  hand,  simply  use  the  gross  plant  cost  as  explained 
in  the  earher  chapter.  The  latter  is  only  a  fraction  of  one 
per  cent  higher  than  the  former.  Hence  these  figures  have 
been  chosen  to  compare  with  the  total  plant  cost  of  our 
group  of  16  companies.^ 

It  appears  from  Table  42  that  the  total  investment  of 
the  comparable  companies  is  56  per  cent  higher  than  that 
of  the  municipal  plants,  omitting  Norwood,  and  that  the 
average  investment  per  plant  is  about  two  times  as  great 
in  the  former  as  in  the  latter,  though  their  output  of 
current  is  less  than  70  per  cent  higher.    This  disparity  is 

^  AppendLx,  pp.  466-467. 

^  The  aggregate  of  the  capital  and  loans  of  the  private  plants  out- 
standing is  a  little  too  high  (about  $68,000),  due  to  the  fact  that  three  of 
the  companies.  North  Brookfield,  Provincetown,  and  Randolph,  are 
unincorporated  and  have  issued  an  excess  amount  of  stock,  which  has 
not  been  approved  by  the  Board.  When  these  exceptions  are  deducted, 
the  capital  and  loan  liabilities  are  almost  equal  to  the  cost  of  plant  as 
carried  in  the  construction  accounts. 
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Table  42.  Comparative  Investment  Data 
(Purchasing  Plants) 

Companies        Municipal  plants 
(16)  (20)  I 

Total  investment $1,110,738  $579,508 

(905,060)2 

■■   Average  per  plant 70,000  $29,000 

(60,337)2 

Net  additions  during  year $111,632  $42,680 

New  construction  during  year 111,632  53,567 

Number  K. W.H.  delivered 3,221 ,028  2,428,240 

Average  per  plant 201,314  121,412 

Average  purchased  per  plant 266,715  157,173 

Connected  load  (K.W.) 7,793  6,638 

Average  per  plant 487  332 

Length  of  lines  (miles) 1,100  1,458 

Average  per  plant 68 . 7  72 . 9 

(71.6)2 

Number  of  poles  per  plant 750  794 

(792)2 

Investment  per  K.W.H.  delivered  (cents) . .                 34  24 

(30)2 

Investment  per  K.W.  connected  load $144  $81 

(128)2 

Investment  per  mile  of  line $1,010  $400 

(843)2 

Percentage  of  total  lines  in  commercial  lines            68.6  65 . 7 

Investment  in  commercial  lines $760,000(?)  $380,000(?) 

Investment  per  customer $126  $66 

(112)2 

Operating  income  (street  lighting  out) $227,528  $150,884 

Investment  per  dollar  of  operating  income .           $4 .  90  $3 .  90 

(4.70)2 

Total  number  of  customers 6,021  6,776 

Inhabitants  of  territory  served 87,480  63,581 

1  Norwood  omitted.  '  Manchester  omitted,  as  all  lines  are  underground. 

caused,  partially  at  any  rate,  by  investment  in  dead  as- 
sets. The  fact  that  6  of  the  public  plants  do  not  value 
their  land,  which  is  returned  as  "owned  by  the  town," 
and  that  6  others  report  no  real  estate  whatever,  helps  to 
keep  their  investment  disproportionately  low,  though  real 
estate  should  not  be  a  very  significent  item  in  the  capital 
account  of  a  distributing  plant.    But,  from  our  earlier 
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study,  it  will  be  recalled  that  the  municipal  plants  have, 
on  the  average,  a  somewhat  more  extensive  distributing 
system,  the  investment  in  which  might  be  expected  to  be 
sufficient  to  cancel  the  lack  of  investment  in  real  estate. 
(In  these  comparisons  it  seems  best  to  omit  the  company 
of  Manchester,  which  has  put  $150,000  into  underground 
construction  —  a  rather  large  venture  for  so  small  a  plant, 
but  necessary  in  order  to  satisfy  the  "artistic"  tastes  of 
the  people  of  the  town.) 

The  figures  here  presented  serve  to  show  more  clearly 
the  truth  of  our  earlier  suggestion  to  the  effect  that  the 
relations  which  exist  between  the  two  groups  of  purchas- 
ing plants  are  very  different  from  those  found  in  the  case 
of  the  generating  plants.  This  second  group  of  companies 
do  not  seem  to  have  given  a  good  account  of  themselves 
either  from  a  physical  or  from  a  financial  point  of  view. 
They  are,  in  the  main,  suffering  under  the  financial  burden 
which  must  always  be  borne  by  those  electric  plants  which, 
after  equipping  themselves  for  the  production  of  current, 
scrap  their  central  station  equipment  and  purchase  current 
from  others.^  But  even  those  which  have  never  had  gen- 
erating equipment  seem  to  have  much  less  to  show  for  their 
expenditures  than  have  the  municipal  plants.  To  be  sure, 
a  larger  investment  can  be  expected  in  the  former  because 
their  business  is  two  thirds  greater;  yet  for  this  very  reason 
some  of  the  data  given  make  their  case  so  much  the  worse. 
About  all  that  can  be  said  for  the  companies,  since  they 
appear  to  have  by  far  the  more  favorable  territory  to 
serve,  is  that  their  investment  per  dollar  of  gross  income 
approaches  more  nearly  to  the  figure  shown  by  the  munici- 
pal plants  than  do  any  of  the  other  data  —  and  this,  under 
the  circumstances,  is  no  particular  cause  for  satisfaction. 
Finally,  it  must  be  remembered  that  14  of  this  group  of 

^  It  will  be  remembered  that  only  five  of  the  group.  Harvard,  Ludlow, 
Manchester,  North  Brookfield,  and  Williamstown,  began  merely  as  dis- 
tributing plants. 
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private   plants   are   "controlled"  —  possibly   with   some 
degree  of  success! 

Just  a  word  should  perhaps  be  said  regarding  the  increase 
in  investment  during  the  year  under  consideration.  It 
appears  that  the  net  additions  to  plant  amounted  for  the 
companies  to  $111,632,  or  about  10  per  cent  of  the  entire 
investment,  and  for  the  municipal  plants  the  net  additions 
were  $42,680,  equal  to  nearly  8  per  cent  of  the  investment. 
Though  the  showing  here  made  is  more  favorable  for  the 
former,  it  hardly  seems  sufficient  to  absolve  them  for  their 
earlier  financial  blunders  or  to  remove  the  effects  of  their 
financial  misfortunes,  if  such  we  choose  to  regard  them. 
On  the  other  hand  this  apparently  healthy  policy  of  exten- 
sion may  indicate  that,  from  the  public  point  of  view,  the 
companies  are  now  endeavoring  to  give  a  quid  pro  quo. 
However,  when  we  compare  the  total  increase  in  length 
of  lines  during  the  year,  116  miles  for  the  companies  and 
132  miles  for  the  municipal  plants,^  with  the  amount  ex- 
pended on  new  construction,  $111,632  and  $53,567  re- 
spectively, we  find  that  the  cost  per  mile  of  new  line,  since 
most  of  the  increase  legitimately  belongs  here,  is  still 
nearly  $1,000  in  the  one  group  and  about  $400  in  the  other. 
The  leopard  does  not  seem  to  have  changed  his  spots! 
There  could  scarcely  be  sufficient  difference  in  the  quality 
of  the  construction  to  justify  the  difference  in  expense. 

The  balance  sheets  show  a  small  surplus  for  each  group, 
$20,000  in  the  case  of  the  companies  and  a  little  more  than 
$30,000  for  the  public  plants.  Only  two  of  the  former 
and  three  of  the  latter  return  a  slight  deficit.  The  com- 
panies have  financed  themselves  to  the  extent  of  two  thirds 
of  their  investment  by  the  issue  of  capital  stock.  The 
municipal  plants,  on  the  other  hand,  have  secured  about 
one  third  of  their  construction  funds  by  means  of  direct 

^  The  new  plants  of  South  Hadley,  Lunenburg,  and  Paxton,  account- 
ing for  an  increase  of  136  miles  of  line  in  the  municipal  group,  must  be 
omitted  because  their  lines  were  not  reported  in  1914. 
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appropriations  from  the  tax  levy;  and  they  have,  by  the 
same  method,  paid  off  a  large  portion  of  their  bonds  and 
notes,  so  that  the  actual  outstanding  indebtedness  is  now 
only  $253,163  —  less  than  one  half  of  their  total  invest- 
ment. 

2.  Operating  Expenses  and  Operating  Income  ^ 

The  operating  efficiency  of  the  group  of  companies,  when 
compared  with  the  public  plants,  is  far  from  what  we  might 
reasonably  expect  in  view  of  their  superiority  in  size.  The 
only  instance  in  which  they  appear  to  be  effecting  any 
considerable  economies  is  in  their  distribution  expenses. 
The  better  showing  here  made  is  due  partially  to  their 
larger  output  of  current,  and  partially,  perhaps,  to  the 
character  of  their  territory.  It  is  also  possible  that  they 
are  not  keeping  their  lines  in  as  good  repair  as  are  the  other 
group.  Furthermore,  the  municipal  plants  are  probably 
including  here  labor  costs  which  should  be  charged  to  the 
construction  accounts. 

Many  of  the  other  important  items  of  expense  are  con- 
spicuously higher  for  the  companies  than  for  the  public 
plants,  and  the  difference  is  very  marked  in  the  case  of 
general  office  expenses  (under  which  the  companies  enter 
advertising  expenses,  etc.)  and  general  salaries,  where,  pre- 
sumably, it  should  be  easiest  to  cut  down  the  costs.  If, 
however,  the  taxes  paid  be  deducted,  the  two  groups  are 
put  on  a  reasonably  equal  basis,  so  far  as  the  total  ex- 
penses are  concerned.  Some  additional  items  should  also  be 
charged  against  the  municipal  plants,  for  the  free  services 
which  they  receive  from  town  officials,  or,  instead  of  this, 
we  might  deduct  the  salaries  of  officers  in  the  other  group. 
Free  quarters  in  the  town  hall  are  an  important  item.  It  is 
also  significant  that  only  9  out  of  the  20  public  plants  are 
paying  insurance,  though  the  average  rate  paid  by  the 
group  is  almost  as  high  as  that  paid  by  the  companies. 
1  Appendix,  pp.  468—175. 


IN  MASSACHUSETTS 


247 


Table  43.  Comparative  Expenses  per  K.W.H.  sold 
(Purchasing  Plants) 

Companies  Municipal  plants 

(centi)  {excluding  Nor- 
wood)    (cents) 

Total 6.318  5.890 

Current  purchased 8.577  3.780 

Distribution  (total) 0.821  1 .500 

Distribution  wages 0.270  0.490 

Maintenance  and  repair  of  lines 0. 485  1 . 000 

Per  mile  of  line $14.20  $16.50 

Per  cent  of  total  investment 1.6  4.2 

General  salaries '.           0. 376  0. 265 

General  office  expenses 0 .  452  0 .  194 

Insurance 0.133  0.109 

Taxes 0.410 

Salaries  of  officers 0.219 

Total  management  and  miscellaneous 1 .  920  0 .  700 

Total  —  taxes  deducted 5.908  6.980 

Total  —  taxes  and  officers'  salaries  deducted          5 .  769  5 .  980 

Operating  ratio  (street  lighting  out) 90.  96. 

Operating  ratio  (taxes  out) 84 .  96 . 

Total  operating  expenses $203,492  $145,202 

Total  —  taxes  deducted 190,340 

Total  —  officers'  salaries  deducted 183,285  145,202 


It  is  surprising  to  find  so  close  a  correspondence  in  the 
unit  income  of  the  two  groups  of  plants.  The  companies 
seem  to  make  up  by  means  of  higher  lighting  rates  the 
concessions  which  they  give  to  their  power  customers.  In 
view  of  the  better  character  of  their  business  and  the  larger 
income  per  customer,  their  rates  are  probably  too  high,  if 
we  accept  as  our  standard  the  municipal  plants,  which  are 
apparently  giving  good  service  at  low  cost,  though  many 
of  their  customers  would  seem  to  be  unprofitable.  It  should 
not  be  forgotten  that  the  former  find  it  necessary  to  be 
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Table  44.  Percentage  Analysis  of  Expenses 
(Purchasing  Plants) 


Companies 

Municipalities 

Norwood 

Character  of  Expense 

Amount 
idotlars) 

Per  cent 
oj  total 

Amount 
{dollars) 

Per  cent 
0/  total 

Per  cent 
of  total 

I.  Operating  expenses  — 
Geueral  aualysis : 

"  At  station  " 

$6,054 

115,161 

26,435 

34,825 

7,805 

13,152 

3.0 
56.6 
13.0 

17.1 
3.9 
6.5 

$1,671 
91,878 
36,371 

12,476 
2,807 

1.2 

63.3 
25.0 

8.6 
1.9 

0  1 

Purchase  of  current  .... 

80.0 
11  2 

Office  expenses  aud  mau- 
agemeut 

7  8 

0  9 

Taxes 

Total   

$203,492 
190,340 

.... 

$145,203 

100. 

inn 

Total  —  without  taxes 

II.  Operating  expenses  — 

Detailed  analysis,  taxes  out: 
"  At  station  " 

6,504 

115,161 

8,805 

15,607 

2,023 

12,123 

7,055 

1,074 

14,560 
4.296 
2,246 
1,333 

3.2 

60.6 

4.6 

8.2 

1.1 

6.4 
3.7 
0.6 

'7.7 
2.3 
1.2 
0.7 

1,671 
01.878 
10,047 

24,165 

2,159 
6,430 

263 

4,720 

2,639 

083 

548 

1.2 

63.3 

0.9 

16.6 

1.5 

4.4 

0.2 
3.3 
1.8 
0.5 
0.4 

0 1 

Current  purchased 

Distribution  wages 

Repair  of  lines,  meters, 
etc 

80.0 
3.2 

7  0 

Distribution   tools  and 
equipment 

1  3 

General  salaries 

Salaries  of  officers 

Directors'  allowances, . . 
Salaries  of  municipal 
light  boards 

5.0 
1  2 

General  office  expenses. . 

1.8 
0.5 

Rent  of  offices 

All  other 

03 

III.  Operating  income 

Profit  and  loss  income .... 

$287,560 
11,928 

.... 

$151,556 
1,(531 

.  .  .  • 

.... 

Total 

$299,478 



$153,187 



Total  charges  against  in- 
come : 
Operating  expenses 

$203,492 
24,302 
17,505 

51.657 
5,341 

67.3 
8.0 
5.8 

xi'.i 

1.8 

$145,202 

9,345 

16,100 

2S0 

20,997 

""92 

75.6 
4.9 
8.4 
0.2 

10.9 

6.1 

84.6 
3.3 

Depreciation 

0.2 

Sinking  fund  payments. . 
Note  and  bond  payments 
Dividends 

'5.9 

All  other 

Total 

$302,357 
2,879 

100. 

$192,022 
38,835 

100. 

100. 

Deficit 

earning  a  fair  return  on  a  much  larger  investment;  but 
this  consideration  should  cause  them  to  effect  greater 
savings  in  their  operating  expenses. 
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,  Table  46.  Comparative  Income  (Purchasing  Plants) 

Municipal  Plant» 
(excluding 
Companies  Norwood) 

A.  Income  per  K.W.H.  (cents) : 

Total  operating  income 8.928  9,090 

Total  (street  lighting  out) 8 .  945  9 .  090 

Total  from  sale  of  current 8 .  723  9 .  070 

Total  (street  lighting  out) 8 .  700  9 .  070 

Commercial  lighting 12.418  10.387 

Street  Lighting 8.870 

Power 3.754  5.635 

B.  Other  comparisons: 

Net  income $84,069 

per  K.W.H.  sold  (cents) 2.610 

Net  income  (street  lighting  out) $24,038            $6,353 

per  K.W.H.  sold  (cents) 0 .  946            0 .  380 

Number  of  lighting  customers 5,961  5,718 

Number  of  power  customers 305  309 

Income  per  lighting  customer $30 .  40  $23 .  25 

Income  per  power  customer $123 .  10  $40 .  80 

Income  per  kilowatt  connected  load: 

Licrht  $33.60  $23.60 

Power $16.20  $14.50 

Total  operating  income $287,560       $151,556 

Total  income  (street  lighting  out) .  $227,529       $151,556 
Profit  and  loss  income 11,918  1,631 

3.  Disposal  of  Net  Income:  Comparisons  ^ 

Nine  of  the  municipal  plants  suffered  some  loss  in  oper- 
ation, while  the  net  gain  for  the  group  was  a  little  more  than 
$6,000.  Of  the  private  plants,  if  the  street  lighting  income 
were  to  be  omitted,  6  would  have  been  operated  at  a  loss. 

The  amount  of  depreciation  written  off  during  the  year 
is  not  far  apart  in  the  two  cases,  0.661  cents  per  kilowatt 
hour  in  the  municipal  plants  and  0.545  cents  in  the  com- 
panies, though  7  of  them  did  not  make  any  allowance 
for  this  item.  Judged  by  the  ratio  which  the  amount  of 
depreciation  bears  to  the  total  investment  the  rate  allowed 

1  Appendix,  pp.  476-477. 
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by  the  latter  would  appear  to  be  too  small.  Since,  how- 
ever, it  is  probable  that  in  many  instances  a  good  portion 
of  their  property  has  been  "junked,"  they  are  not  liable 
to  serious  criticism.  The  assessed  valuation,  it  must  be 
remembered,  is  little  more  than  half  the  "total  invest- 
ment" as  we  have  taken  it. 

The  dividends  declared  amounted  to  more  than  $50,000, 
7.4  per  cent  on  the  capital  stock,  and  4.7  per  cent  on  the 
investment,  swollen  though  it  be.^  After  all  charges  were 
met,  there  was  a  deficit  for  the  year  of  about  $3,000. 

Had  the  companies  given  free  street  lighting  service, 
and  had  they  not  paid  taxes,  they  would  have  had  at  the 
end  of  the  year  a  net  income  of  nearly  $40,000,  about 
half  of  which  would  be  accounted  for  by  the  company  of 
Manchester,  This  sum  would  be  just  enough  to  meet  the 
depreciation  and  interest  charges.  The  municipal  plants, 
on  the  other  hand,  can  show  an  operating  surplus  of  only 
$6,000.  Other  comparisons  might  be  made,  though  it 
appears  that  the  financial  advantage  in  operation  of  the 
private  plants  is  accounted  for  chiefly  by  their  larger  busi- 
ness. Their  total  income  exceeds  that  of  the  other  group 
by  an  amount  proportionately  equal  to  the  difference  in 
quantity  of  current  sold. 

4.  The  Cost  of  Street  Lighting  ^ 

An  attempt  has  been  made  to  compute  the  cost  of  street 
lighting  by  a  method  similar  to  that  employed  in  the  pre- 
ceding chapter,  of  which  no  further  explanation  need  here 
be  given.  It  is  evident  that,  if  we  consider  only  the  actual 
outlays  during  the  year  resulting  from  public  ownership, 
allowing  for  the  taxes  lost  at  the  same  rate  paid  by  the 
companies,  there  has  been  an  aggregate  saving  of  about 
$16,100,  or  less  than  3  per  cent  on  the  investment.   If,  in 

1  Three  of  them,  Harvard,  Ludlow,  and  Sunderland,  did  not  earn 
enough  to  pay  dividends. 
*  Appendix,  p.  478. 
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addition  the  appropriations  from  the  tax  levy  for  new 
construction  were  to  be  counted,  this  apparent  gain  would 
be  more  than  offset. 

Table  47.  Cost  of  Street  Lighting  to  the  Towns 

OWNING  THEIR  DISTRIBUTING  SysTEM 

I         Net  income  from  operation $6,353 

Other  income 1,631 

Total $7,984 

Charges  against  income: 

Depreciation $16,106 

Interest  paid 9,345 

Taxes  lost  (estimated  at  0.41  cents  per  K.W.H.  de- 
livered)    9,963 

Other  items 92 

Debt  payments 23.777 

Total $59,283 

Deficit 51,299 

Number  of  K.W.H.  used  for  street  lighting 760,923 

Cost  per  K.W.H.  (cents) 6.750 

Rate  charged  by  companies 8 .  870 

Apparent  saving  per  K.W.H.  (cents) 2. 120 

Equivalent  to  (about) $16,100 

II.  A.  Available  income  from  all  sources $7,984 

Charges  against  income: 

Depreciation , .  $16,106 

Interest  on  entire  investment  @  4% 23,180 

Taxes  lost 9,963 

Other  items 92 

Total $49,341 

Deficit 41,357 

Apparent  cost  of  street  lighting  per  K.W.H 5.435 

Apparent  saving  per  K.W.H 3 .  435 

Equivalent  to  (about) $26,100 

B.  Commercial  lighting  rate  of  companies  (cents  per  K.W.H.)  12.418 

Commercial  lighting  rate  of  public  plants 10.387 

Apparent  gain  under  municipal  ownership  (cents  per 

K.W.H.) 2.031 

Number  of  kilowatt  hours  used  for  commercial  and 

domestic  lighting  in  municipalities  owning  plants.  .1,279,932 

Aggregate  saving $26,000 

Making  an  apparent  total  gain  of $52,100 

and  actual  (?)  cost  of  street  lighting $15,250 

Equivalent  to  a  rate  per  K.W.H.  (cents) 2 .  000 

A  saving  per  K.W.H.of  (cents) 6.870 
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According  to  the  other  method,  when  interest  is  com- 
puted upon  the  entire  investment  and  maturing  debt 
payments  are  omitted,  the  cost  would  seem  to  be  some- 
what lower,  about  5.435  cents  per  kilowatt  hour  instead 
of  8.870  as  in  the  companies,  and  the  advantage  arising 
under  public  operation  might  be  said  to  be  about  $26,100, 
somewhat  more  than  4  per  cent  on  the  plant  cost.  Most 
of  this  surplus  would  be  absorbed,  were  we  to  give  due 
consideration  to  the  free  services  of  various  kinds  ren- 
dered by  the  towns,  as  well  as  the  lower  interest  rates 
which  result  from  the  credit  of  the  municipahty.^  These 
advantages,  however,  should,  and  probably  have  resulted 
in  lower  charges  for  commercial  service  than  might  other- 
wise have  been  secured.  Hence,  as  indicated  in  the  table 
(47,  II,  B)  these  municipalities  seem  to  be  getting  their 
street  lighting  at  a  very  low  rate  indeed. 

From  the  foregoing  brief  analysis,  so  far  as  the  statis- 
tics can  show,  it  appears  that  this  group  of  little  public 
plants  have  been  operated  with  a  considerable  degree  of 
effectiveness.  Though  they  have  just  about  broken  even 
financially,  they  have  certainly  justified  their  existence 
by  giving  comparatively  low  commercial  lighting  rates. 
Supported  by  the  hearty  cooperation  of  the  communities 
in  which  they  are  located,  assisted  at  all  times  by  the 
Commissioners,  they  have  been  able  to  render  their  con- 
sumers at  a  reasonable  rate  that  service  for  which  private 
enterprise  would  probably  have  expected  a  much  more 
liberal  reward.  Dependent  on  private  enterprise  for  the 
solution  of  the  more  technical  problems  connected  with 
the  generation  of  current,  they  have  been  able,  at  a  merely 
nominal  outlay,  to  find  public  spirited  citizens  who  are 
willing  to  devote  a  large  part  of  their  time  to  "managing" 
the  municipal  plants,  and  doing  a  little  of  every  kind  of 
work  for  which  private  concerns  would  have  to  pay  dearly. 

1  The  average  rate  paid  by  the  small  public  plants  is  close  to  4  per 
cent,  while  this  group  of  companies  pay  usually  5.5  per  cent. 
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Addendum:  Perhaps  it  should  be  suggested  in  this  con- 
nection that,  after  having  studied  the  local  situation  with 
some  care,  the  writer  feels  that  the  preceding  statistical 
analyses  may  in  some  ways  tend  to  be  misleading  in 
regard  to  this  group  of  municipal  plants.'  In  the  first 
place,  the  investment  in  useless  equipment,  amounting  to 
something  less  than  $200,000  as  nearly  as  can  be  esti- 
mated, should  be  deducted  from  the  total  investment  of 
the  companies  in  order  to  put  them  on  a  reasonably  com- 
parable basis  with  the  public  plants  in  so  far  as  present- 
day  financial  efficiency  is  concerned.  This  would  reduce 
all  of  their  investment  data  by  more  than  20  per  cent.^ 
Accordingly,  we  find  that,  with  this  adjustment,  the  in- 
vestment per  kilowatt  hour  delivered  is  only  22  cents  for 
the  private  plants,  instead  of  30  cents.  Also,  the  invest- 
ment per  dollar  of  operating  income,  street  lighting  ex- 
cluded, becomes  only  $3.10  in  the  companies  as  contrasted 
with  $3.90  in  the  other  group.  And  the  average  invest- 
ment per  plant,  then,  is  by  no  means  out  of  line  with  the 
relatively  greater  amount  of  current  sold. 

Again,  not  only  do  a  large  proportion  of  the  municipal 
plants  own  no  real  estate  or  buildings  of  any  kind,  as  pre- 
viously stated,  but  also  as  the  current  is  metered  at  the 
town  line  and  frequently  transformed  by  the  selling  com- 
pany, they  are  saved  the  expense  of  large  transformers 
and  transformer  sheds,  etc.  Their  investment  is  in  lines 
alone,  while  the  companies  naturally  have  a  good  deal 
of  money  in  land  and  buildings. 

In  a  number  of  cases,  also,  the  line  construction  of  the 
smaller  municipal  plants  is  reported  to  be  below  the 
standard  which  is  common  with  the  other  group.  This 
fact  may  partially  explain  the  much  higher  cost  of  recent 
extensions  per  mile  of  fine  in  the  private  plants. 

Finally,  it  has  been  found  that,  in  many  instances,  when 
extensions  are  made,  the  cost  of  labor  and  superintendence 
*  Cf.  ch.  XIII,  infra.  ^  «  Manchester  omitted. 
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which  is  properly  chargeable  to  the  construction  account 
has  in  the  municipal  plants  been  treated  as  an  operating 
expense.  Though  every  influence  is  exerted  to  keep  the 
capital  accounts  low  in  the  public  plants,  the  tendency  is 
wholly  in  the  opposite  direction  in  the  private  plants,  for 
reasons  which  it  seems  scarcely  necessary  to  comment 
upon.  Hence,  this  policy  has  operated  to  make  the  com- 
parative investment  much  lower  in  the  former  than  in  the 
latter. 

If  all  of  the  foregoing  factors  could  be  properly  evalu- 
ated, it  is  probable  that  the  disparity  between  the  two 
groups  would  not  be  so  noticeable,  though  the  companies 
would  still  be  under  a  disadvantage.  And,  so  far  as  the 
operating  expenses  are  concerned,  it  must  also  be  recalled 
that  practically  all  of  the  public  plants  are  so  new  that 
there  has  been  very  little  replacement  or  renewal  of  the  dis- 
tributing system  needed,  while  the  cost  of  upkeep  has  been 
almost  nil.  In  a  few  years  the  turning  point  will  come 
when  we  can  look  for  a  greatly  increased  unit  cost  of  oper- 
ation, in  spite  of  the  fact  that  practically  nothing  is  being 
paid  for  management. 

Summary 

The  results  of  our  study  of  the  financial  conditions  of 
these  two  groups  of  purchasing  plants  may  be  briefly 
stated  as  follows: 

1.  There  appears  to  be  far  greater  economy  in  invest- 
ment in  the  mimicipal  plants  than  in  the  companies.  In 
this  connection,  however,  we  must  remember  (a)  that  the 
latter,  having  for  the  most  part  formerly  generated  cur- 
rent, have  an  unavoidably  large  investment  in  "dead 
assets."  Also  (b)  the  tendency  of  these  small  public 
plants  is  to  keep  the  apparent  investment  account  low, 
and  to  include  in  operating  expenses  what  is  really  a 
capital  charge. 

2.  The  companies  seem  to  have  an  unnecessarily  high 
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unit  cost  of  operation,  as  compared  with  the  other  group; 
but  the  municipal  plants  receive  a  good  deal  of  unpaid 
or  under-paid  service,  and  on  account  of  their  recent 
installation  the  cost  of  upkeep  is  at  a  minimum. 

3.  Though  the  public  plants  appear  to  have  the  less 
desirable  territory  to  serve,  their  average  income  per  kilo- 
watt hour  sold  is  practically  the  same  as  that  of  the  com- 
panies. The  lighting  rates  of  the  former  are  lower  (about 
10  per  cent),  while  their  power  rates  average  very  much 
higher  (50  per  cent)  than  the  corresponding  rates  of  the 
private  plants. 

4.  This  group  of  municipal  plants,  with  the  exception  of 
Norwood,  does  not  seem  to  have  made  any  direct  financial 
gains.  However,  there  is  little  question  that  the  rates 
charged  are  in  general  lower  than  those  which  would  have 
been  charged  by  private  plants,  had  they  been  in  the  field. 
Whether  this  will  continue  to  be  the  case,  after  the  "season- 
ing" period  is  passed,  is  an  open  question. 

5.  The  pubhc  plant  of  Norwood,  during  the  year  1914- 
15  at  any  rate,  made  a  better  financial  showing  than 
any  other  municipal  plant  of  either  group.  It  appears 
not  only  to  have  given  the  town  absolutely  free  street  light- 
ing, but  also,  in  addition,  to  have  made  a  little  money 
in  operation  ($255),  after  all  possible  charges  have  been 
allowed  for.  It  must  be  recalled,  however,  that  the  local 
conditions  and  the  business  are  unusually  favorable. 
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CHAPTER  IX 

MISCELLANEOUS   CONSIDERATIONS 

1.  Labor  and  Wages  ^ 

Having  examined  at  some  length  those  aspects  of  our 
subject  which  can  be  most  readily  measured  in  terms  of 
physical  units,  we  must  devote  brief  attention  to  several 
other  considerations,  more  difficult  to  evaluate,  but  none 
the  less  highly  significant.  Many  students  of  the  problems 
of  municipal  ownership  are  particularly  concerned  about 
the  questions  which  relate  to  the  employment  of  labor. 
Frequent  assertions  are  made  to  the  effect  that  public  labor 
is  less  efficient  than  private  labor,  not  to  mention  the  possi- 
bihties  for  political  corruption.  Accordingly,  before  dis- 
cussing the  information  secured  in  the  local  survey,  it  will 
be  of  interest  at  this  point  to  attempt  a  few  comparisons 
of  the  conditions  which  are  indicated  from  our  study  of 
the  retm-ns  of  the  two  groups  of  plants. 

In  no  respect  are  the  accounts  prescribed  by  the  Board 
less  satisfactory  for  our  purposes  than  in  the  data  which 
they  require  regarding  employees  and  wages.  While  the 
"average  number  of  employees"  for  the  year  —  whatever 
the  "average"  may  be  ~  is  given  by  both  groups,  only 
the  public  plants  are  compelled  to  return  the  wages  which 
they  pay.  For  the  companies,  however,  the  salaries  of 
officials  are  given,  and  it  is  possible  in  a  very  crude  sort  of 
way  to  estimate,  in  part,  the  average  wages  per  employee, 
by  comparing  the  number  reported  with  the  outlays  for 
wages  appearing  under  the  different  heads  "wages  at 
stations,"  "  distribution  wages,"  and  "general  salaries." 
But  there  is  constant  overlapping,  and,  particularly  in  the 

^  Appendix,  p.  458. 
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case  of  the  linemen,  no  accurate  data  can  be  secured,  for 
costs  of  material  and  labor  are  lumped  together  in  the  item 
"repairs  and  renewals  of  lines,  etc." 

Other  difficulties,  however,  present  themselves  because  of 
the  lack  of  consistency  and  uniformity  in  the  methods  which 
are  followed  in  determining  the  average  number  of  em- 
ployees. In  many  cases  no  line  is  drawn  between  regularly 
employed  labor  and  occasional  labor,  or  between  full- 
time  and  part-time  employees.  Nor  does  any  clear  dis- 
tinction seem  to  be  made  between  labor  which  is  used  on 
new  construction,  the  wages  of  which  would  be  charged 
to  the  capital  account,  and  labor  which  is  employed  in  the 
operation  of  plant.  The  growing  policy  of  "jobbing"  cer- 
tain portions  of  the  work,  —  even  in  the  case  of  repairs,  — 
which  is  found  in  some  of  the  larger  companies,  also  tends 
to  obscure  the  relations  which  exist  between  the  number 
of  employees  and  the  operating  labor  costs. 

Again,  in  many  cases,  wages  are  returned  under  a  cer- 
tain head,  with  no  report  of  a  corresponding  number  of 
employees;  while  frequently  a  number  of  employees  are 
listed,  though  no  wages  appear  for  them  in  the  operating 
accounts.  Some  plants,  both  public  and  private,  which  are 
doing  a  large  business,  report  no  clerks  or  bookkeepers 
whatever.  On  the  other  hand,  one  small  purchasing  plant 
boasts  of  one  clerk  at  the  local  office  and  two  additional 
clerks  in  Boston !  The  municipal  plants  frequently  report 
none  of  their  female  employees,  because  the  return  form 
literally  calls  for  the  number  of  men  employed !  Such  are 
some  of  the  puzzling  problems  which  present  themselves. 

However,  after  having  checked  up  the  returns  with  great 
care,  the  writer  finds  that,  while  there  are  numerous 
additions  and  omissions  in  each  group,  the  generating  com- 
panies in  the  aggregate  returned  about  6  per  cent  too 
many  employees,  even  though  we  include  among  the  list 
those  officers  of  corporations  who  really  do  some  work 
and  whose  salaries  are  partially  distributed  under  other 
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heads  than  "salaries  of  officers."  Hence  the  total  number, 
corrected,  excluding  those  officers  who  do  not  appear  to  be 
directly  connected  with  the  actual  operation  of  the  busi- 
ness, is  295  (17.4  per  plant),  instead  of  313  as  reported  to 
the  Board.  The  corresponding  public  plants,  on  the  con- 
trary, appear  to  have  reported  about  4  per  cent  too  few 
employees,  so  that  their  corrected  number,  including  the 
managers,  is  about  240  (14.1  per  plant)  instead  of  230. 
Since  the  possibihty  of  error  in  1910  would  in  both  cases 
probably  be  about  the  same  as  in  1915,  the  uncorrected 
figures  will  be  used  in  making  comparisons  with  that  year. 

It  appears  that  the  total  number  of  employees  has 
increased  just  twice  as  rapidly  for  the  companies  as  for 
the  municipal  plants,  though  the  figures  were  close  to- 
gether in  1910.  The  close  correspondence  at  the  earlier 
date,  waiving  the  possibility  of  inaccurate  returns,  was 
probably  in  large  measure  due  to  the  fact  that,  though 
their  actual  business  was  considerably  greater  than  that 
of  the  other  group,  their  distributing  system  was  not  pro- 
portionately so  extensive.  And,  so  far  as  the  number  of 
employees  at  station  is  concerned,  the  difference  in  size 
here  found  does  not  appear  to  be  particularly  significant. 
(This,  by  the  way,  is  very  obvious  in  the  1915  figures,  for 
the  total  number  of  station  employees  in  the  two  groups 
is  respectively  110  and  103.)  Furthermore,  the  public 
plants  in  1910  seem  to  have  been  just  completing  one  of 
the  stages  of  their  growth,  whereas  the  companies,  for  the 
most  part,  appear  to  have  been  entering  upon  a  period  of 
rapid  expansion. 

The  marked  increase  shown  by  the  companies  during 
this  period  has  not  been  incommensurate  with  the  growth 
of  their  business  and  the  extent  of  their  lines.  The  rapid 
development  of  their  distribution  system,  their  increased 
commercial  lighting  service,  and  their  evident  efforts  to 
serve  all  of  the  public,  have  naturally  necessitated  the  use 
of  a  proportionately  larger  force  of  employees.    Yet  they 
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are  probably  somewhat  "over-staffed"  at  present;  while 
the  municipal  plants,  though  they  would  not  be  expected 
to  increase  the  number  of  their  labor  force  as  rapidly  as'. 
their  business,  are  doubtless  getting  on  with  as  few  em- 
ployees as  possible,  depending  in  many  instances  upon  the 
practice  of  hiring  "extra  help  as  required."  However  this 
may  be,  it  is  gratifying  to  find  that  there  is  no  evidence 
of  "making  work"  for  municipal  employees,  if  we  may 
take  as  our  criterion  the  condition  found  in  the  group  of 
companies. 

Table  48.  Comparative  Efficiency  of  Labor 


Item 

1910 

1915 

Per  cent 
increase 

Com- 
pany 

Munici- 
pal 1 

Com- 
pany 

Munici- 
pal 1 

Com- 
pany 

Munici- 
pal 

I.  Generating  plants : 

Total  number  of  employees 

Corrected  for  1915 

Number  of  salaried  oflB- 
cers 

194 

74,616 

$3,904 
$600 

.... 
.... 

179 

49,071 

$2,477 
$320 

313 
295 

33 

78,077 
82,008 
74,500 

$3,682 
$3,868 
$3,514 

$894 
J.948 
$853 

58 
62 

55,536 
(62,000) 

$3,020 
(4,376) 

$344 
(384) 

230 
240 

65,044 
62,409 

$2,915 
$2,800 

$474 
$455 

46 
52,788 

$3,280 
140 

61.4 

4.6 

-5.7 

•  >  > . 

30.0 

Number  K.W.H.  delivered 

31.1 

-fl7.1 

Corrected  for  1915 

Including  salaried  o£Qcer6 

Operating  income  per  em- 
ployee, excluding  street 

Corrected  for  1915 

Including  salaried  oflBcera 

Net  income  per  employee, 
excluding  street  lighting  . 

Corrected  for  1915 

Including  salaried  ofiScers 

II.  Purchasing  plants : 

Total  number  of  employees 
Corrected  for  1915 

Number  K.W.H.  delivered 
i>er  emDlovee 

Corrected  for  1915 

Operating  income  per  em- 
ployee, excluding  street 

.... 

Corrected  for  1915 

Net  income  per  emi'loyeo, 
excluding  street  ligliting. . 
Corrected  for  1915 

.... 

'  Holyoke  and  Norwood  omitted  throughout  on  account  of  their  size. 
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When,  however,  we  compare  the  sales  and  income  per 
employee  at  both  dates,  we  find  the  companies  far  in  the 
lead,  after  street  lighting  sales  have  been  deducted,  even 
though  the  salaried  officials  be  included.  But,  obviously, 
they  should  not  be  counted  if  we  are  trying  to  put  the 
plants  on  a  comparable  basis  from  the  point  of  view  of 
operating  efficiency  —  unless,  of  course,  we  wish  to  regard 
as  employees  of  the  public  plants  a  number  of  town  offi- 
cials together  with  the  members  of  the  municipal  light 
boards.  Yet  it  appears  that  while  the  income  per  employee 
of  the  public  plants  has  increased  to  an  appreciable  ex- 
tent, that  of  the  companies  has  actually  been  subject  to  a 
slight  decrease.  While  this  state  of  affairs  speaks  well  for 
the  former,  yet  in  view  of  what  we  have  previously  dis- 
covered regarding  the  physical  and  developmental  fea- 
tures of  the  two  groups,  the  showing  here  made  affords 
no  cause  for  elation. 

The  amount  of  current  delivered  per  employee  has  in- 
creased in  both  groups,  but  far  more  rapidly  in  the  public 
plants,  as  they  have  been  growing  up  to  their  earlier  equip- 
ment and  labor  force.  The  growth  in  amount  of  net  in- 
come per  employee,  when  street  lighting  income  is  elimi- 
nated, has  been  at  an  equal  rate  (50  per  cent)  for  both. 
And  probably  the  net  income,  which  is  twice  as  great  in 
the  companies,  is  the  most  significant  consideration  from 
the  point  of  view  of  those  who  are  in  the  business. 

Mere  size,  in  the  aggregate,  plays  some  part  in  causing 
the  differences  which  have  been  observed,  and  the  influ- 
ence of  this  element  was  particularly  noticeable  in  1910. 
The  number  of  employees  should  not  by  any  means  or- 
dinarily increase  jpari  passu  with  the  growth  in  quantity 
of  current  sold,  other  conditions  remaining  equal.  But, 
in  this  particular,  as  in  others,  the  development  seems  to 
come  by  stages,  rather  than  according  to  any  fixed  law. 
Finally,  viewed  from  all  angles,  we  find  a  higher  labor 
efficiency  in  the  purchasing  companies  than  in  the  similar 
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municipal  plants,  and  the  advantage  is  almost  as  marked 
as  in  the  other  group. 

As  a  result  of  the  numerous  difficulties  which  have  been 
suggested,  it  has  been  no  small  task  to  put  the  wage  data 
on  a  comparable  basis.  "^   However,  by  a  process  of  inter- 

Table  49.  Relative  Wages 


Employees 

Number 

Tvlal  amount 

of  wages 
and  salaries 

Average  wages 
or  salaries 

Com- 
panies 

Munici- 
pal i 

Com- 
panies 

Munici- 
pal 

Com- 
panies 

Munici- 
pal i 

I.   Generating  plants : 

Total    number    employees 
on  pay-roll  (linemen  ex- 
cluded, officers  included) 
Number  of  salaried  officers 
Number  of  municipal  man- 

234 
33 

'261 

201 
110 

91 
91 

59 
19 

"46 

17 
165 

148 
103 

62 
45 

30 

20 
30 

10 

$231,230 
48,201 

l'83',630 

183,030 
114,590 

68,440 
68,440 

27,983 
7,055 

20,928 

$161,554 

28,600 
161,554 

132,954 
109,048 

52,506 
23,906 

16,477 

11,099 
16,477 

5,378 

1988 
1,461 

gii 

911 
1,042 

752 
752 

474 
371 

'523 

$979 

1,682 
979 

898 

Total  (excluding  officers) . . 

Total  (excluding  municipal 

mana£?er&) 

Employees  at  station 

Employees    other  than    at 
station     or    linemen    — 
mostly  clerks,  etc.  (muni- 
cipal managers  included) 

Ditto    (excluding    muuici- 

1,059 

847 
531 

lanemeu  (municipal) 

H.  Purchasing  plants : 

Total  number  of  employees 
(linemen  excluded,   offl- 

(925) 
549 

Number  of  salaried  officers 
Number  of  municipal  man- 
ackers  

555 

Total  (excluding  officers).. 

Total  (excluding  municipal 

manacrers.  ••••■..■••.>.. 

549 
538 

1  Holyoke  and  Norwood  omitted  from  the  public  plants. 

pretation  and  elimination  it  has  been  possible  to  arrive 
at  an  approximation  of  the  truth.  When  linemen  and 
repair  men  of  all  kinds  are  deducted,  the  wages  of  the  re- 
maining  employee,  particularly  in   the  generating  com- 

^  On  account  of  the  rapid  and  highly  irregular  changes  taking  place 
aince  the  outbreak  of  the  war,  the  wage  data  secured  through  the  local 
survey  are  not  of  much  value.  Hence  no  attempt  is  made  to  use  them 
here. 
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panics,  will  be  found  almost  wholly  in  the  items  of  "sta- 
tion wages,"  "distribution  wages,"  and  "general  salaries" 
(plus  salaries  of  officers  in  the  case  of  the  companies). 
While  there  will  be  a  good  deal  of  overlapping,  especially 
in  the  smaller  plants  where  one  or  two  men  do  all  of  the 
work,  the  condition  will  probably  be  about  the  same  in 
each  group.  It  is  also  possible  to  find  out  exactly  (so  far 
as  the  returns  are  concerned)  the  number  of  men  em- 
ployed at  the  station  itself  as  firemen,  engineers,  oilers, 
tenders,  and  the  like.  Having  reached  this  point,  we  can 
determine,  though  with  a  much  less  degree  of  accuracy, 
the  wages  of  the  "soft-handed"  laborers,  the  so-called 
"salaried  "  employees.* 

*  The  writer  has  secured  some  data  from  the  Bureau  of  the  Census 
at  Washington,  which  have  never  been  published,  but  which  appear  so 
imtrustworthy  in  certain  respects  that  they  have  not  been  used  in  this 
connection.  The  averages  which  have  been  worked  out  from  these  data, 
are,  however,  appended  in  the  following  table: 

Table  50.  Comparative  Wages  fob  all  Plants  in  Massachusetts 


Item 


Number  of  stations 

All  employees 

Average  income 

OflScers  of  corporations 

Average  salary 

Salaried  employees 

Average  salary 

Average  salary  (including  offi- 
cers)   

Wage-earners 

Average  wages 


1902 


Com- 
panies 


97 

1,894 
$793 

112 

$1,275 

308 
$992 

$1,067 

1,474 
$715 


Muni- 
cipal 


17 

130 

S671 


39 
$590 


91 

$700 


1907 


Com- 
panies 


9C 

2,448 

$844 

122 

$1,562 

473 
$1,003 

$1,091 

1,853 
$766 


Muni- 
cipal 


24 

224 
$756 


60 

$671 


IM 

$787 


1912 


Com- 
panies 


87 

3,630 

$750 

148 
$1,514 

759 
$870 

$976 

2,723 
675 


Muni- 
cipal 


30 

324 
$796 


85 
$714 


239 

$826 


The  apparent  decrease  in  average  wages  paid  by  the  companies  since 
1907  seems  hardly  consistent  with  the  facts.  Probably  the  discrepancy 
is  due  partially  to  the  different  methods  followed  in  reporting  the  aver- 
age number  of  employees  at  the  different  dates.  (In  1912  the  number 
actually  on  the  pay-roll  on  September  16th  was  called  for,  wtiile  only  the 
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It  accordingly  appears,  from  the  accompanying  table, 
that  the  station  wages,  of  which  we  are  practically  cer- 
tain, are  surprisingly  close  together  in  the  two  groups. 
The  total  wages  paid  per  employee,  when  the  officers  of 
corporations  are  excluded,  are  somewhat  higher  in  the 
public  plants,  though  otherwise  they  are  not  far  apart. 
Also,  the  wages  for  other  than  station  labor  are  consid- 
erably higher  than  in  the  companies.  If  the  municipal 
managers  be  eliminated,  the  salary  of  the  remaining 
group,  mostly  clerks  and  helpers,  is  ridiculously  low,  — 
from  which  we  would  infer  that  a  number  are  on  part- 
time  employment.  No  such  separation  can  be  made  for 
the  companies,  though  the  conditions  are  doubtless  about 
the  same,  unless,  as  is  scarcely  probable,  in  view  of  the 
services  rendered  by  the  salaried  officials  the  wages  of 
managers  and  superintendents  happen  to  be  cut  down. 

The  figm-es  for  the  purchasing  plants  suggest  some 
rather  surprising  conditions,  for  it  appears  that  the  re- 
ported number  of  employees,  divided  into  the  returned 
amount  of  wages  paid,  would  give  each  one  less  than  a 
living  wage.  There  is  little  to  choose  between  the  two 
groups,  however,  and  the  seemingly  low  wages  are  caused 
by  the  fact  that  most  of  the  labor  is  employed  on  a  part- 
time  schedule.  Of  the  municipal  plants,  nine  report  no 
regular  employees,  aside  from  the  manager,  and  of  the 
managers  themselves,  two  receive  no  salary. 

average  for  the  year  was  given  at  the  earlier  dates.)  It  is  noticeable  that 
the  average  income  of  the  so-called  "salaried"  employees  in  the  munici- 
pal plants,  including  the  managers,  is  not  only  much  lower  than  the  aver- 
age salaries  paid  by  the  companies,  but  is  also  far  below  the  average 
wages  paid  to  the  "hard-handed"  employees.  This  would  indicate  that 
managerial  wages  were  small,  indeed,  in  the  earlier  days,  since  about 
two  fifths  of  those  on  salary  at  the  various  dates  were  managers  of  muni- 
cipal lighting.  The  wages  reported  by  the  companies,  however,  are  in 
1912  much  lower  than  those  paid  by  the  public  plants  —  a  condition 
which  does  not  now  seem  to  exist.  There  is  little  doubt  that  many  part- 
time  workers  have  been  included,  though  it  is  not  evident  why  this  error 
should  have  been  greater  in  the  one  group  than  in  the  other,  unless  be- 
cause of  the  higher  number  of  workers  employed  by  the  private  plants. 
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As  to  the  general  aspects  of  the  labor  problem  in  so  far 
as  it  relates  to  our  study  of  the  electric  lighting  industry, 
it  is  not  possible  to  draw  definite  conclusions.  Probably, 
however,  as  a  result  of  some  of  the  recent  labor  legisla- 
tion, the  municipal  employees  may  have  some  advantage 
over  the  laborers  employed  by  the  companies.  Many 
of  them  have  the  eight-hour  day,i  two  weeks'  vacation 
annually,^  and  a  half -holiday  on  Saturdays.^   The  Work- 

Table  51.  Adoption  of  Labor  Legislation 
(Close  op  1916) 


Action  of  the  municipalities  studied 

Municipalities  ovming 
plants  (39) 

Municipalities  served  by 
companies  (33) 

regarding  recent  labor  legislation 

Number  tak- 
ing action 

Percent 
qf  total 

Number  tak- 
ing action 

Per  cent 
of  total 

I.  Workmen's    Compensation 

(Mass.,1913,  ch.  807). 

Accepted 

33 
6 

28 
11 

18 
21 

24 
15 

24 
15 

85 
15 

72 
28 

46 
34 

62 

38 

62 

38 

31 

2 

25 

8 

22 
11 

25 

8 

24 
9 

94 

Rejected  or  no  report . . . 
II.  Pensions     for    employees 
(Mass.,  1912,  ch.  503) 
Accepted 

6 

76 

Rejected 

24 

III.  Eight-hour  day  (Mass.,  1909, 

ch.   514,  sect.  42,  and 
Mass.,  1911,  ch.  494) 

Accepted 

Rejected  or  no  report . . . 

IV.  Vacation     for      employees 

(Mass.,  1914,  ch.  217) 
Accepted 

67 
33 

76 

Rejected 

24 

V.  Saturday    half-holiday 

(Mass.,  1914,  ch.  688) 
Accepted 

73 

Rejected  or  no  report. . . 

27 

man's  Compensation  Act  has  been  generally  adopted  by 
the  municipalities  studied,^  while  a  large  proportion  are 

1  Mass.,  1909,  ch.  514,  sec.  42,  and  1911,  ch.  494. 

2  Mass.,  1914,  ch.  217. 

?  Mass.,  1914,  ch.  688.         *  Mass.,  1913,  ch.  807. 
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providing  for  pensions  to  their  employees.^  Private  labor 
does  not  have  all  of  these  advantages,  and  sometimes 
longer  hours  are  worked,  as  there  is  little  if  any  unioniza- 
tion among  the  workers  in  this  industry  in  the  smaller 
places  which  have  been  investigated.^ 

It  is  interesting  to  note  in  this  connection  the  appar- 
ent effects  of  municipal  ownership  upon  the  adoption  of 
the  progressive  labor  legislation  just  mentioned.  Based 
upon  an  examination  of  the  "Acceptances"  filed  with  the 
Secretary  of  the  Commonwealth,  the  writer  has  been 
able  to  make  a  comparison  between  the  two  groups  of 
plants  with  respect  to  the  action  which  they  have  taken. 
(The  data  are  for  the  close  of  1916.)  While  it  may  be 
merely  a  coincidence,  it  is  noticeable  that  in  every  case 
the  municipalities  having  private  ownership  have  more 
readily  adopted  this  recent  labor  legislation.  On  the  other 
hand,  the  cities  and  towns  owning  their  plants  have  been 
particularly  backward  about  voting  for  the  eight-hour 
day  and  the  vacations,  which  would,  in  many  cases,  ne- 
cessitate an  increased  expenditure  for  the  operation  of 
their  lighting  plants. 

2.  Valuation  of  Estates  and  Tax  Ratks  ' 

A.  Municipalities  served  by  Generating  Plants 

Frequently  it  is  asserted  that  public  ownership  of  such 
an  industry  as  the  electric  light  and  power  business  is 
not  conducive  to  the  growth  of  a  community,  first,  be- 
cause little  effort  is  exerted  to  attract  new  enterprises,  no 
inducements  are  offered,  and  no  risks  run;  and,  secondly, 
because  the  already  established  concerns  are  often  shab- 
bily treated.  There  is  no  doubt  that  a  public  plant  can 
with  impunity  adopt  a  poUcy  which  would  prove  highly 

1  Mass.,  1912,  ch.  503. 

2  Cf.  Mass.  Labor  Bulletin,  No.  114,  1915,  pp.  84-85.  Cf.  also  ch.  xii, 
infra.  Appearances  are  sometimes  deceptive. 

5  Appendix,  pp.  424-425. 
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disastrous  if  attempted  by  a  private  concern.  Yet,  if  our 
group  of  public  plants  (those  generating  current  are  here 
referred  to)  had  followed  a  conspicuously  mistaken  policy 
in  this  regard,  we  might  expect  a  slower  growth  in  the 
population  of  the  districts  served,  —  which,  by  the  way, 
has  not  been  the  case  during  the  past  five  years,  —  and, 
in  lieu  of  that,  we  might  at  least  have  looked  for  a  less 
rapid  increase  in  the  total  valuation  of  property  in  the 
places  served  by  them  than  in  the  territory  supplied  by 
the  corresponding  group  of  private  plants.  Our  figures, 
however,  indicate  that  the  growth  in  assessed  valuation 
of  estates  has  gone  on  at  equal  pace  in  both  cases,  35  per 
cent  for  the  companies  and  34  per  cent  for  the  municipal 
plants. 

It  is  rather  interesting  to  note  that  the  fer  capita  valua- 
tion of  estates  is  34  per  cent  higher  ($1,171)  in  the  terri- 
tory served  by  the  companies  than  in  that  served  by  the 
other  group  ($874).  Also,  the  ratio  of  taxpayers  to  cus- 
tomers is  very  nearly  the  same  in  each  case  (42.6  and  38.8 
per  cent  respectively).  In  view  of  this  noticeable  diver- 
gence between  the  two  parties  who  are  most  concerned 
about  the  results  of  public  ownership,  it  is  highly  impor- 
tant for  the  municipal  plants  to  avoid  mulcting  one  class 
in  order  to  benefit  the  other.  An  injudicious  financial 
policy  would  mean  that  many  who  have  received  no  direct 
services  from  their  electric  plant  would  be  called  on 
through  the  tax  levy  to  bear  the  burden  of  losses  for  which 
they  were  in  no  way  responsible. 

From  a  study  of  the  tax  rates  in  the  places  in  which 
the  plants  are  situated,  it  is  evident  that  the  rates  are 
about  8  per  cent  higher  ($20.97  per  $1,000  valuation)  in 
the  municipalities  owning  their  plants  than  in  those  dis- 
tricts served  by  the  companies  ($19.42  per  $1,000).  The 
rate  of  increase  since  1910,  though  not  marked  in  either 
case,  has  been  40  per  cent  more  rapid  in  the  former  than 
in  the  latter  (10.4  as  opposed  to  7.4  per  cent).   Whether 
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this  may  be  in  some  measm'e  an  artificial  difference,  due 
to  the  lower  valuation  of  estates  in  those  districts  having 
public  ownership,  it  would  be  difficult  to  state.  It  is 
obvious,  however,  that  frequent  calls  are  made  on  the 
taxpayers  for  funds  to  finance  improvements  and  exten- 
sions, as  well  as  to  cancel  old  debts.  The  deficits  which 
have  existed  from  the  beginning  show  clearly  that  the 
financial  management  of  our  mmiicipal  plants  has  been 
such  as  to  impose  added  burdens  on  the  tax  levy.  The 
total  appropriations  for  construction,  to  date,  amount  to 
more  than  $820,000.  And,  in  addition,  there  have  been 
appropriations  for  bond,  note,  and  sinking  fund  pay- 
ments, which  cannot  by  any  means  always  be  regarded 
as  merely  the  payment  for  street  lighting.  These  sums, 
compounded  annually,  would  disclose  the  fact  that  the 
public  has  contributed  to  its  experiment  in  ownership  a  far 
greater  amount  than  at  first  is  evident.  The  usual  result 
of  municipal  industry  which  is  not  in  all  respects  carried 
on  as  a  commercial  enterprise,  and  which  can  always 
call  upon  the  taxpayers  to  make  good  any  losses,  no 
matter  how  incurred,  is  to  make  and  keep  the  tax  rates 
comparatively  high. 

But,  while  the  foregoing  analysis  is  suggestive  it  is  far 
from  conclusive,  inasmuch  as  the  five-year  period  covered 
is  too  brief  to  give  sufficient  background.  In  order  to 
discover  whether  there  is  any  vital  connection  between 
the  valuation  of  estates,  the  tax  rates,  and  municipal 
ownership,  it  is  necessary  to  study  the  data  from  the  be- 
ginning. Accordingly,  in  the  accompanying  tables  are 
presented  analyses  of  the  material  found  in  various  re- 
ports of  the  State  Tax  Commissioner.  Only  the  valua- 
tion of  real  estate  is  considered  (which,  of  course,  includes 
buildings  and  factory  equipment  as  well  as  land),  for  it 
is  of  much  more  significance  than  the  total  valuation  of 
all  estates,  since  it  will  probably  be  more  directly  influ- 
enced by  the  general  state  of  the  public  utility  service  in 
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Table  52.   Valuation  of  Real  Estate  and  T.ix  Rates  in 
Municipalities  in  which  Generating  Plants  ahe  Located 


A 

Assessed  valuation  of  real  estate  at  certain  periods  in  the  districts 
in  whick  plants  are  located  — (to  nearest  $500,000—00,000 
omitted) 

1890 

1895 

1900 

1905 

1910 

1915 

Total 
increase 
(dollars) 

$76,0 
49,5 

i7;6 

$92,0 

70,5 

(71,0) 
20,5 

$110,0 

80,5 

(82.0) 
29,0 

$131,5 

88,0 

(91,0) 
31,0 
(32,0) 

$154,0 
104,0 

37,0 

$188,0 

132,0 

(135,0) 
48,5 

$112,0 

Municipal  plantsi 

(Corrected  for  changed 
ownershiD^ 

82,5 

(85,5) 
31,5 

(Corrected) 

1  Holyoke  omitted. 


B 

Increase  of  real  estate  valuation  by  percentages  between  certain 
periods  —  (to  nearest  0.5  per  cent) 

1890- 
1895 

1895- 
1900 

1900- 
1905 

1905- 
1910 

1910- 
1915 

1890- 
1915 

1895- 
1915 

1895- 
1910 

GomD&iiiea 

21.0 

42.5 

(43.4) 
20.5 

20.0 

14.0 

(15.5) 
41.5 

19.5 

9.0 

(11.0) 

6.9 

(10.3) 

17.0 
18.0 

19.4 

22.0 
27.0 

31.1 

147.4 

166.6 

(172.7) 
185.3 

106.6 

87.2 

(90.1) 
67.22 

67.4 

Municipal  plantsi 

(Corrected  for  changed 
ownership) 

47.2 
(50.7) 

Holyoke 

27.6S 

(Corrected) 

1  Holyoke  omitted. 


2  1900-1915. 


3  1900-1910. 


c 

Tax  rate  per  $1000  assessed  valuation  of  all  estates  at  certain 
periods  (arithmetical  average) 

1890 

1895 

1900 

1905 

1910 

1915 

Total 
increase 

ComnRiiies 

$15.17 
15.02 

$16.58 
16.92 

$17.10 
17.74 

$18.38 
19.22 

$18.08 
19.00 

$19.42 
20.97 

$4.25 

5.95 

Percentage  increase  of  tax  rates  between  certain  dates 

D 

1890- 
1895 

1895- 
1900 

1900- 
1905 

1905- 
1910 

1910- 
1915 

1890- 
1915 

1895- 
1915 

9.4 
12.7 

3.1 
6.0 

7.5 
8.4 

-1.0 
-1.0 

7.4 
10.4 

28.3 
40.0 

17.1 

Mun  cipalities 

23.8 

Tax  rates  in  municipalities  which  acquired  their  plants  beliveen 
certain  dates,  togetlter  with  percentage  increase  in  rale  during 
first  five  years''  ownership 

E 

Num- 
ber 

Rate 

Per  cent 
increase 

Rate  in 
I'JOO 

Per  cent 
increase 

Rate 

in 
1905 

Per  cent 

1890 

1895 

increase 

Between  1890  and  1 894 . 
Between  1895  and  1899. 
Between  1 895  and  1 899 . 
Between  1900  and  1904 . 

6 
6 

$14.28 

.$18.15 

16.90 

(16.80) 

27.0 

$18.00 

(18.50) 

1G.45 

6.5 
(10.0) 

$17.95 

d.'s* 

«70  MUNICIPAL  ELECTRIC  LIGHTING 

a  given  locality  and  will  be  more  sensitive  to  changes  in 
business  conditions.  As  statistics  of  this  kind  are  liable 
to  be  misleading,  the  writer  merely  gives  them  for  what 
they  are  worth,  having  made  an  honest  attempt  at  a 
plausible  interpretation.  It  is  not  altogether  possible 
fully  to  verify  the  accuracy  of  the  presumptions  which 
may  in  certain  instances  be  created. 

From  the  figures  given  it  appears  that  the  valuation 
of  property  other  than  personal  in  the  group  of  munici- 
palities which  later  acquired  their  own  generating  plants, 
was  increasing  with  great  strides  between  1890  and  1895, 
twice  as  rapidly  in  fact  as  the  valuation  of  real  estate  in 
the  other  group.  Now,  while  it  is  possible  that  the  valua- 
tion in  individual  cases  might  be  very  arbitrary,  this 
would  probably  not  occur  more  frequently  in  one  group 
than  in  the  other,  and  the  influence  of  this  factor  may 
be  almost  wholly  discounted  when  we  are  interested  in 
the  total  valuation  of  real  estate  in  a  group  of  seventeen 
places  chosen  more  or  less  at  random.  Again,  it  is  doubt- 
less true  that  a  good  deal  of  the  increase  was  occasioned 
by  the  installation  of  the  private  plants  which  were  later 
taken  over  by  the  municipalities  in  question  —  an  influ- 
ence which,  by  the  way,  had  in  some  measure  spent  its 
force  in  the  other  group,  since  their  plants  were  built  on 
the  average  a  few  years  earlier.  At  any  rate,  there  was  a 
period  of  unusual  growth  in  property  values  in  these 
mimicipalities  just  preceding  the  time  when  they  entered 
upon  municipal  ownership.  The  rate  of  increase  would 
be  even  greater  if  a  correction  were  made  because  of  the 
fact  that  the  plants  acquired  were  not  included  in  the 
tax  levy  of  1895. 

Between  1893  and  the  end  of  1895,  however,  eight 
municipalities  began  to  do  a  commercial  lighting  busi- 
ness, and  by  the  end  of  1900  fourteen  out  of  seventeen, 
excluding  Holyoke,  were  operating  their  own  plants.  In 
view  of  this  fact,  it  is,  to  put  it  mildly,  very  surprising  to 
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find  that  the  rate  of  increase  in  real  estate  valuation  in 
these  municipalities  had  dropped  from  more  than  42  per 
cent  in  the  preceding  five-year  period  to  only  14  per  cent 
from  1895  to  1900.  And  in  the  next  five  years,  after  all 
of  the  group  have  undertaken  the  lighting  business,  there 
is  a  still  more  conspicuous  drop  in  the  rate  of  increase  to 
9  per  cent.  If  corrections  be  made  for  the  value  of  the 
plants  taken  over  themselves,  the  rates  are  slightly  in- 
creased to  15.5  and  11  per  cent  respectively.  On  the  other 
hand,  the  group  of  municipalities  served  by  the  com- 
panies showed  practically  no  variation  in  the  rate  of  in- 
crease of  real  estate  valuation  throughout  the  entire 
period,  while  in  the  ten-year  period,  1895  to  1905,  their 
valuation  had  increased  43  per  cent,  as  opposed  to  only 
28  per  cent  in  the  other  group  after  adjustments  are  made. 
It  is  still  more  perplexing  to  find  that  the  city  of  Hol- 
yoke,  which  purchased  its  plant  in  1902  after  some  years 
of  htigation,  suffered  a  drop  in  rate  of  increase  of  real 
estate  valuation  from  41.5  per  cent  in  the  period  from 
1895  to  1900  to  slightly  more  than  10  per  cent  in  the  suc- 
ceeding five-year  period,  even  after  the  correction  is  made 
for  the  change  in  ownership.  It  has  been  discovered  that 
the  valuations  were  abnormally  increased  during  the  first 
period,  but  even  that  fact  seems  scarcely  sufficient  to 
account  for  the  marked  decrease  in  rate  from  1900  to 
1905.1  Though  there  are  doubtless  many  other  reasons 
for  this  decrease  not  known  to  the  writer,  yet  the  fact 
that  the  rate  increased  again  to  19.4  per  cent  for  the 
years  1905  to  1910,  and  the  fact  that  there  is  a  close  cor- 
relation between  the  figures  for  Holyoke  and  for  the  group 
of  municipalities  owning  their  plants,  makes  it  an  open 
question  whether  the  uncertainties  regarding  business 
which  might  naturally   have  resulted  from  the  public 

^  A  large  amount  of  property  belonging  to  the  Holyoke  Water  Power 
Company,  and  formerly  not  taxed,  was  added  to  the  taxable  estates 
shortly  before  1900. 
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ownership  agitation,  were  partially  responsible,  at  any 
rate,  for  the  almost  stationary  state  of  real  estate  values 
during  this  period. 

It  might  be  argued  in  this  connection  that  the  munici- 
palities, when  acquiring  their  electric  light  plants,  were 
also  induced  at  about  the  same  time  to  take  over  their 
water-supply  systems,  and  that  in  this  way  the  valua- 
tion of  real  estate  for  the  time  being  was  made  compara- 
tively less.  Having  looked  carefully  into  this  matter, 
however,  the  writer  finds  that  the  effect  of  any  correction, 
with  a  view  to  eliminating  this  factor,  works  to  the  dis- 
advantage of  the  group  under  public  ownership  and  to 
the  advantage  of  the  group  under  private  ownership.  For, 
while  the  former,  between  1890  and  1905  purchased 
or  constructed  waterworks  to  the  total  value  of  about 
$1,200,000,  as  indicated  by  the  statement  of  municipal 
assets  and  liabihties  returned  to  the  State  Tax  Com- 
missioner in  the  years  1890,  1895,  1900,  and  1905,  the 
latter  took  over  in  the  same  period  systems  valued  at 
about  $2,500,000,  or  about  twice  as  great  a  valuation  as 
in  the  first  case. 

Now,  we  would  not  be  at  all  warranted  in  drawing  any 
sweeping  conclusions  from  the  preceding  figures.  Too 
many  qualifying  conditions  may,  without  our  knowledge, 
enter  into  the  problem.  Yet,  in  view  of  the  fact  that  the 
municipalities  now  owning  their  plants  were  at  the  earliest 
period  growing  far  more  rapidly  than  the  other  group 
which  always  retained  private  ownership,  the  data  for 
the  intervening  years  may  indicate  that  many  business 
enterprises  were  kept  out  or  discouraged  because  of  in- 
adequate service  or  the  lack  of  reasonable  and  customary 
inducements.  It  may  also  be  that  there  was  a  general 
decrease  in  "progressiveness,"  due  to  the  unbusinesslike 
policies  which  certainly  characterized  the  earlier  stages 
of  public  ownership  of  electric  plants  in  this  State,  which 
might  be  expected  to  "react"  upon  the  local  business 
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men  in  such  a  way  as  to  cause  them  to  quit  "boosting" 
for  their  municipaHties.  While  private  electric  compa- 
nies frequently,  on  their  own  initiative,  endeavor  to  bring 
in  new  factories  which  will  improve  their  power  load, 
it  is  well  known  that,  until  recently  at  any  rate,  practi- 
cally none  of  the  public  plants  have  followed  this  policy. 
Conversation  with  those  in  a  position  to  know,  including 
business  men  as  well  as  the  present  managers  of  munici- 
pal lighting,  has  convinced  the  writer  that  there  is  much 
truth  in  the  suggestions  here  made.^ 

Finally,  the  fact  that  the  rate  of  increase  in  real  estate 
valuations  was  by  1910  practically  the  same  as  that  in 
the  places  served  by  the  companies,  and  was  somewhat 
more  rapid  between  1910  and  1915,  may  point  in  some 
measure  to  an  encouragement  of  new  industries  and  a 
general  increase  in  business  activity,  as  a  result  of  the 
attempt  to  develop  a  power  load  on  the  part  of  the  munic- 
ipal plants,  which  had  hitherto  been  lagging  far  behind. 
It  must,  however,  be  remembered  that,  as  a  group,  the 
municipalities  owning  their  plants  are  at  present  much 
more  active  manufacturing  communities  than  are  the 
others,  for  reasons  which  in  a  majority  of  cases  probably 
have  no  direct  dependence  upon  the  local  light  and  power 
business.  Many  large  establishments  have  always  used 
water  power,  and  others  have  been  forced  to  install  elec- 
tric plants  of  their  own,  because  of  the  inadequacy  of  the 
facilities  offered  by  the  local  plants. 

Whatever  may  be  the  reasons,  the  disparity  still  re- 
mains between  the  two  groups.  If  the  period  since  1895 
be  taken,  as  that  date  really  marks  the  beginning  of 
municipal  electric  lighting  in  Massachusetts,  it  is  found 
that  the  total  increase  of  real  estate  valuation  in  the  places 
having  public  ownership  has  increased  in  twenty  years 
about  90  per  cent,  after  corrections  are  made,  while  the 
valuation  of  the  corresponding  group  of  municipalities 
1  Cf.  ch.  XII,  pp.  340-341. 
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under  private  ownership  has  increased  nearly  107  per  cent, 
or  approximately  one  fifth  more  rapidly.  And  during  the 
critical  period  from  1895  to  1910  the  increase  in  the  latter 
was  30  per  cent  more  rapid  than  in  the  former. 

In  the  matter  of  tax  rates  it  is  interesting  to  note  that 
the  group  of  municipalities  which  later  acquired  their 
lighting  plants  actually  had  a  slightly  lower  average  rate 
in  1890  than  had  the  other  group.  However,  the  rates 
began  to  rise  for  all  concerned,  and,  as  public  ownership 
became  more  common,  for  every  period  the  rate  of  in- 
crease was  considerably  greater  in  these  places  than  in 
those  served  by  the  companies;  while  the  total  increase 
during  the  period  here  studied  was  more  than  40  per  cent 
greater  in  the  former  than  in  the  latter.  It  must  further 
be  observed  that  if  the  municipalities  now  owning  their 
plants  be  divided  into  groups  according  to  the  periods  in 
which  this  business  was  undertaken,  the  rate  of  increase 
in  the  tax  rates  of  these  is  markedly  more  rapid  for  the 
first  five  years  of  ownership  than  that  of  the  remainder  of 
the  places  not  yet  under  public  ownership  or  which  have 
already  for  some  time  owned  their  plants. 

The  reasons  for  the  fact  just  mentioned,  and,  indeed, 
for  the  more  rapid  increase  in  the  average  tax  rate  through- 
out the  period,  have  already  been  partially  suggested  as 
caused  by  appropriations  to  meet  operating  deficits  as 
well  as  some  of  the  fixed  charges.  Yet  this  reasoning 
would  apply  more  particularly  to  the  earlier  periods, 
when,  as  a  matter  of  record,  the  increase  was  not  so  rapid 
as  at  present.  During  one  of  the  five-year  periods,  how- 
ever, from  1905  to  1910,  there  was  in  both  groups  actually 
a  slight  decrease  in  the  rates.  The  entire  problem  is  ac- 
cordingly beset  with  a  good  deal  of  uncertainty.  Never- 
theless, we  must  remember  that  there  are  numerous  in- 
direct expenses  which  result  when  a  municipality  becomes 
an  entrepreneur,  but  which  it  is  rather  hard  to  estimate. 
Public  wants  tend  to  be  multipUed.    Furthermore,  there 
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is  the  possibility  that  a  municipaUty,  having  gotten  a 
good  taste  of  pubUc  ownership  of  this  kind,  and  having 
contracted  a  considerable  debt  in  consequence,  inclines 
to  be  somewhat  more  careless  about  the  expenditure  of 
money.  To  incur  debts  which  later  become  very  burden- 
some, may  become  habitual.  The  public  purse-strings 
are  often  not  held  so  tightly,  and  the  tax  rate  must  accord- 
ingly go  up,  particularly  in  cases  where  there  is  not  an 
unusual  increase  in  property  valuations.  Nor  does  the 
writer  mean  to  dogmatize  on  this  question  of  tax  rates, 
for,  as  in  the  matter  of  valuations,  there  are  too  many 
unknown  factors  entering  into  the  problem,  many  of 
which  are  dependent  upon  local  conditions.    Suffice  it  to 


Table  53.    Financial  Condition  of  Municipalities  in 
WHICH  Generating  Plants  are  located,  1915 

Municipalities         Municipalities 
owning  plants  served  by 

{excluding  Uolyoke)        companies 

Valuation  of  estates $172,750,000      $269,800,000 

Outstanding  indebtedness $9,556,000        $12,227,000 

Electric  plant  debt $1,508,825 

Annual  expenditures  for  maintenance,  in- 
terest, and  debt  requirements  (1914)i. . .      $4,208,000  $5,795,000 
Including  expenses  of  electric  light  de- 
partment         $4,824,000 

Population 200,062  244,021 

Per  capita  valuation $864.  $1,106. 

Per  capita  deht $48.  $50. 

Excluding  lighting  debt $40. 

Per  capita  expenses $21 .  03  $23 .  75 

Including  lighting  expenses $24 .12 

Ratio  of  debt  to  valuation  (per  cent) 5.5  4.5 

Excluding  lighting  debt 4.6 

Ratio  of  expenses  to  valuation 2.4  2.1 

Including  lighting  expenses 2.8  ... 

I  The  expenJitures  tor  1914  are  used  because  later  data  are  not  yet  available.    It  is 
probable  that  the  figures  would  be  higher  for  1915. 
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say  that,  whatever  may  be  the  correct  explanation,  the 
average  tax  rate  in  the  group  of  cities  and  towns  which 
own  their  hghting  plants  has  markedly  increased,  and 
the  rate  of  increase  has  been  40  per  cent  more  rapid  than 
in  the  other  group  under  private  ownership.  Table  53, 
which  the  writer  presents  without  comment,  may  be  of 
interest  to  those  who  wish  to  theorize  further  on  this 
subject. 

B.  Municipalities  served  by  Purchasing  Plants 

It  is  scarcely  necessary  to  go  back  of  1910  in  our  study 
of  this  aspect  of  the  municipal  ownership  of  purchasing 
plants,  for  the  problems  which  they  present  are  much 
different  from  those  which  characterize  the  group  which 
has  just  been  discussed.  The  prosperity  of  the  territory 
of  a  plant  which  buys  its  current,  other  things  being  equal, 
probably  depends  more  upon  the  source  of  supply  than 
upon  the  plant  itself. 

It  does  appear,  however,  from  Table  54  that  the  real 
estate  valuations  of  the  districts  served  by  the  munic- 
ipal plants  have  been  increasing  much  more  rapidly 
than  they  have  in  the  places  occupied  by  the  com- 
panies. While  the  rates  of  increase  were  in  both  cases 
comparatively  close  together  between  1900  and  1910, 
the  rate  from  1910  to  1915  was  almost  twice  as  rapid 
for  the  former  as  for  the  latter.  There  is  also,  no  doubt, 
a  close  correlation  between  the  rapid  appreciation  in 
real  estate  values  since  1910  and  public  ownership  in 
these  towns,  for,  if  we  include  Wellesley,  which  began  to 
operate  its  commercial  lighting  business  early  in  1907, 
nineteen  out  of  twenty-one  of  them  adopted  municipal 
ownership  between  1907  and  1914.  Of  these  places,  fur- 
thermore, only  six  were  previously  served  by  companies, 
and  in  some  of  these  cases  the  service  was  far  from  satis- 
factory.  Hence  it  is  not  to  be  wondered  at  that  property 
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Table  54.  Valuation  of  Real  Estate  and  Tax  Rates 
(Purchasing  Plants) 


A 

Valuation  of  real  estate  at  certain 
dates  in  district.^  in  which  plants 
are  located  — {to  nearest  $500,000 
—  00,000  omitted) 

Percentage  increa.te  of  real  estate 
valuation  between  certain  dales 

1900 

1905 

1910 

1915 

Total 
increase 

1900- 
1905 

1905- 
1910 

1910- 
1915 

1900- 
1915 

1906- 
1915 

Conipaniesi  . . . 

Municipalities* 

Norwood 

$29.0 

27.0 

3.6 

$32.5 

30.5 

4.3 

$38.0 

311.5 

8.4 

$14.0 
47.0 
11.5 

$15.0 

20.0 

7.9 

12.1 
13.0 
19.4 

16.9 
19.7 
95.3 

15.8 
29.0 
37.0 

51.7 

74.0 

219.4 

35.4 

54.4 

200.0 

>  Franklin  omitted  —  no  return  for  Turner's  Falls. 


'  Norwood  omitted. 


B 

Tax  rate  per  $1000  assessed  valua- 
tion of  all  estates  at  certain  dates 
(arithmetical  average) 

Percentage  increase  of  tax 
rates  between  certain  dates 

1900 

1905 

1910 

1915 

Total 
increase 

1900- 
1905 

0.6 
4.5 

1905- 
1910 

1910- 
1915 

2.9 
17.3 

1900- 
1915 

1905- 
1915 

Companies  1 

Municipalities. . 

$16.35 
14.48 

$16.45 
15.13 

$17.15 

15.00 
(15.30)2 

$17.65 

17.60 

(17.83) 

$1.30 
3.12 

4.2 
-1.0 
(+1.0)2 

8.0 
21.5 

7.3 
16.4 

1  Franklin  omitted  —  no  return  for  Turner's  Falls. 
s  Norwood  omitted  because  of  abnormal  conditions. 


increased  greatly  in  value  since  1910  as  compared  with 
the  other  group  of  towns  which  were  supplied  with  elec- 
tricity many  years  earlier,  even  though  there  may  have 
been  no  particular  increase  in  the  number  of  industrial 
establishments  and  no  noticeable  heightening  of  busi- 
ness activity.  And,  finally,  it  is  more  than  probable  that 
many  of  these  little  towns  are  more  progressive  than  those 
of  the  other  group. 

The  case  of  Norwood,  which  apparently  has  had  a  200 
per  cent  increase  in  real  estate  values  during  the  past  ten 
years,  is  abnormal  and  somewhat  misleading.  During 
this  period,  or  more  precisely  between  1905  and  1910, 
the  town  enjoyed  a  thorough  house-cleaning,  and  among 
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other  things  an  attempt  was  made  to  assess  property  at 
its  true  value,  as  a  consequence  of  which  pohcy  there 
was  an  enormous  artificial  appreciation,  which  in  turn 
led  to  an  almost  50  per  cent  drop  in  the  tax  rate.  There 
is,  however,  no  denying  that  Norwood,  due  in  large 
measure  to  unusually  favorable  circumstances,  has  made 
a  very  creditable  showing  with  its  plant  and  seems  to 
have  lost  nothing  in  operation. 

Finally,  it  is  worth  while  to  note  that  the  average  tax 
rate  in  these  municipalities  which  have  gradually  ac- 
quired their  plants,  was  much  lower  in  1900  than  the  aver- 
age rate  in  the  other  group  of  towns,  and  there  was  prac- 
tically no  increase  until  after  1910.  But,  while  the  rate 
in  the  places  served  by  the  companies  remained  almost 
stationary  between  1910  and  1915,  the  rate  in  the  towns 
having  municipal  ownership  —  all  of  them  having  now 
acquired  their  plants  —  increased  more  than  17  per  cent, 
or  six  times  as  rapidly  as  the  average  rate  in  the  former. 
Though  the  tax  rates  in  the  two  groups  were  in  1915  prac- 
tically the  same,  yet  during  a  period  of  ten  years  the  in- 
crease in  rates  has  been  more  than  twice  as  rapid  under 
pubhc  ownership  as  under  private  ownership,  and  this  in 
spite  of  the  much  greater  appreciation  in  value  of  estates. 

Here,  again,  we  must  avoid  drawing  unwarranted  con- 
clusions from  insufiicient  evidence;  but  the  rapid  increase 
in  rates  during  the  last  period  seems  to  have  some  signifi- 
cance when  compared  with  the  figures  for  the  other  group 
of  pubhc  plants.  Hence  a  few  suggestions  may  not  be 
amiss.  Some  of  the  possible  or  probable  reasons  for  this 
state  of  affairs,  though  not  so  generally  applicable  in  this 
connection,  have  been  already  referred  to  in  the  above 
discussion  regarding  the  generating  plants.  It  must  fur- 
ther be  observed  that  these  little  towns,  having  tried  the 
experiment  of  municipal  ownership,  probably  found  it 
desirable  to  make  numerous  other  civic  betterments  which 
had  too  long  been  neglected,  just  as  a  man  who  buys  a 
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new  suit  finds  that  he  must  have  a  new  hat,  a  tie,  and  a 
few  more  things  to  go  with  it.  No  doubt  numerous  im- 
provements were  made  in  the  pubHc  highways,  and  pos- 
sibly land  was  acquired  or  developed  for  parks  —  which 
could  be  lighted  with  municipal  electricity.  It  is  also 
true  that  a  considerable  number  of  them  have  installed 
water-supply  systems  within  the  past  few  years,  which, 
because  of  local  conditions,  it  has  often  been  impossible 
to  avoid  operating  at  a  loss. 

Table  55.  FmANciAi,  Condition  of  Municipalities  in  which 
Purchasing  Plants  are  located,  1915 

Municipalities       Municipalities 
owning  jAanUi  served  bp 

(excluding  Norwood)      companies 

Valuation  of  estates $69,748,000      $68,151,000 

Outstanding  indebtedness $1,527,000  $879,000 

Electric  plant  debt $253,163 

Annual  expenditures  for  maintenance,  inter- 
est and  debt  requirements  (1914)i  $1,085,000        $1,041,000 
Including  expenses  of  electric  light  de- 
partment       $1,204,138 

Population 53.581  69,397 

Per  capita  valuation $1,300                  $982 

Per  capita  debt $28.50              $12.70 

Excluding  lighting  debt $24.30 

Per  capita  expenses $20 .  25              $15 .00 

Including  lighting  expenses $23. 60 

Ratio  of  debt  to  valuation  (per  cent) 2.2                    1.3 

Excluding  lighting  debt  (per  cent) 1 .  85 

Ratio  of  annual  expenses  to  valuation  (per 

cent) 1.55                  1.53 

Including  lighting  expenses  (per  cent) 1.8 

•  The  expenditures  for  1914  are  used  because  no  later  data  are  available.   The  figures 
■would  probably  be  somewhat  higher  for  1915. 

But,  while  it  is  not  altogether  satisfactory  to  explain 
theoretically  why  the  tax  rates  should  have  increased, 
and  while  this  increase  may  only  in  a  slight  degree,  so 
far  as  these  towns  are  concerned,  indicate  that  the  plants 
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have  been  losing  money,  yet  we  are  at  least  safe  in  draw- 
ing the  conclusion  that  the  incentives  for  "boosting"  the 
rates  under  municipal  ownership  are  unusually  numerous 
and  urgent.  Though  it  is  entirely  too  soon  to  form  a 
fixed  opinion  on  the  subject,  for  reasons  which  have  been 
suggested  in  various  connections,  the  writer  feels  justi- 
fied in  predicting  that  the  next  five  or  ten  years  may  wit- 
ness an  even  more  noticeable  increase. 

3.  The  Intangible  Items 

In  1897,  a  special  investigating  committee,  appointed 
by  the  city  of  Holyoke  to  look  into  the  subject  of  muni- 
cipal electric  lighting,  reported  that,  under  public  owner- 
ship, there  would  result  a  saving  of  more  than  25  per  cent 
in  the  rates,  and  that  after  five  years  the  city  would  own 
its  plant,  debt  free.^  Holyoke  has  done  well,  and  the  rates 
are  low;  but  the  outstanding  liabilities,  current  and  funded, 
together  with  the  appropriations  from  the  tax  levy  for 
debt  payments,  at  present  amount  to  about  $1,200,000, 
though  the  plant  still  confines  its  operations  to  its  own 
narrow  territory,  and  probably  a  large  investment  in  a 
new  station  will  soon  be  needed. 

Sixteen  years  later,  another  special  committee,  having 
made  a  carefid  investigation  with  the  assistance  of  a 
trained  engineer,  reported  to  the  selectmen  of  South 
Hadley  that,  if  the  town  would  take  over  the  plant  of  the 
South  Hadley  Falls  Electric  Company,  there  would,  in 
one  year,  be  effected  a  saving  to  the  municipality  of  $4,250, 
and  the  street  lights,  which  had  been  costing  $5,800, 
could  thus  be  secured  for  $1,550.  The  plant  was  bought, 
—  and  under  the  first  year  of  public  management,  the 
actual  cost  of  the  street  lights,  allowing  for  taxes  lost, 
was  between  $6,500  and  $7,000,  or  one  sixth  higher  than 
when  the  service  was  supplied  by  private  enterprise. 

To  be  sure,  such  examples  are  merely  suggestive  rather 
1  Mass.  G.  &  E.,  XIII :  44. 
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than  convincing,  yet  there  is  no  magic  in  the  mere  fact 
of  public  ownership  which  will  enable  service  to  be  ren- 
dered at  no  cost  to  the  public.  If  private  business  is  al- 
ready in  the  field,  and  if  that  business  is  properly  regu- 
lated, there  appears  to  be  little  reason  for  expecting  that, 
in  the  economic  sense,  a  gain  will  result  from  municipal 
operation  of  that  service.  On  the  other  hand,  there  may 
be  benefits  of  another  sort,  due  to  the  enlivened  interest 
which  the  people  in  general  take  in  their  public  affairs. 
To  quote  from  the  aforementioned  South  Hadley  Report, 
the  committee,  after  investigating  municipal  ownership 
in  the  eight  towns  of  the  State,'  made  the  following  state- 
ment: 

Suffice  it  to  say  that  all,  without  a  single  exception,  were 
heartily  in  favor  of  municipal  ownership,  for  both  financial 
reasons  and  better  service.  .  .  .  The  matter  of  politics  has  not 
interfered  in  any  case  with  the  successful  administration  of  the 
plant.  ^ 

They  also  received  favorable  reports  from  a  number  of 
other  towns  in  the  State. 

Though  the  writer  himself  has  not  been  able  in  person 
to  investigate  the  actual  conditions  in  all  of  the  places 
mentioned,  he  is  glad  to  believe  that  they  are  as  stated, 
in  these  towns,  as  well  as  in  most  of  the  other  municipali- 
ties in  the  State  which  own  their  distributing  system  and 
purchase  their  current.  But  a  reverse  picture  is  possible, 
and  corrupt  politics  may  he  found  instead  of  civic  better- 
ment. From  what  it  has  been  possible  to  ascertain,  the 
municipalities  having  their  generating  plants  are  not  al- 
ways so  well  satisfied.  Some  of  them  would  gladly  dis- 
pose of  their  plants.  It  has  been  in  many  instances  a  long, 
tiresome  struggle,  with  the  handicaps  resulting  from 
ignorant  or  hampered  management  and  lack  of  foresight, 

^  Shrewsbury,  Norwood,  Wellesley,  Groton,  West  Boylston,  Ashburn- 
ham,  Templeton,  and  Belmont.   Cf.  South  Hadley  Report,  p.  3. 
2  South  Hadley  Report,  p.  3. 
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in  the  course  of  which  the  careful  supervision  of  the 
Board  has  prevented  many  serious  mishaps.  In  addition 
to  the  service  rendered  by  the  Board  directly  through  its 
audit  of  the  municipal  plant  returns,  and  its  advisory 
capacity,  an  expert  engineer  and  accountant  is  employed 
to  give  assistance  locally  to  those  plants  which  are  most 
in  need.  Thus  they  have  managed  to  keep  themselves 
going,  and  many  of  them  appear  to  have  done  well. 

Appearances,  however,  are  frequently  exceedingly  de- 
ceptive. One  cannot  always  discover  the  true  conditions 
without  being  actually  on  the  ground,  and  even  then  it 
may  be  almost  impossible  to  find  out  what  has  happened 
in  the  past.  In  this  connection  it  is  worth  while  to  give 
the  following  statement,  secured  by  the  writer  before  the 
local  survey  was  attempted,  from  the  very  efficient  mana- 
ger of  a  municipal  plant  which  had  appeared  for  many 
years  to  be  making  an  unusually  good  showing.  As  nearly 
as  may  be,  the  statement  is  here  recorded  just  as  the 
speaker  made  it: 

When  I  became  manager  of  the  plant  (about  two  years  ago) 
the  lines  were  in  such  a  condition  that  they  were  positively 
dangerous,  and  in  order  to  put  them  in  proper  shape  again,  it  was 
necessary  for  months  to  employ  four  times  as  many  linemen  as 
had  previously  been  employed.  The  voltage  was  inconstant  — 
50  or  60  when  it  should  have  been  110.  Transformers  were  being 
overworked  —  in  many  cases  a  5  kilowatt  transformer  was 
bearing  a  15  kilowatt  load.  Many  of  the  important  customers' 
meters  were  found  to  be  hopelessly  incorrect.  The  circuits  were 
not  properly  balanced;  the  power  service  was  highly  unsatisfac- 
tory. The  returns  made  by  this  plant,  as  those  of  many  other 
public  plants,  were  hopelessly  inaccurate,  being  for  the  most 
part  mere  guesswork  in  so  far  as  the  output  of  current  is  con- 
cerned, for  the  station  meters  had  not  been  tested  for  years. 
There  is  no  opportunity  to  look  for  new  business,  because  the 
old  cannot  be  properly  cared  for.  All  in  all,  the  entire  plant  is 
so  much  out  of  date  that  it  would  require  a  doubling  of  the  invest- 
ment to  put  it  in  such  a  condition  that  it  could  properly  serve 
the  future  needs  of  the  community.  Yet  the  public  will  not  stand 
for  the  expense;  they  never  seem  to  realize  that  the  old  equip- 
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ment  must  be  replaced  by  new  before  it  actually  falls  to  pieces. 
I  am  trying  to  rectify  the  blunders  of  the  past;  but  hfe  as  manager 
is  simply  "one  damn  thing  after  another."  The  trouble  with 
this  plant,  as  with  most  of  the  municipal  plants  in  the  State 
is  that,  both  in  the  construction  and  the  operation,  no  foresight 
has  been  exercised.  Taking  the  public  plants  as  a  whole  "I  would 
not  give  them  much." 

Now,  the  reader  might  contend  that  the  above  state- 
ment is  little  more  or  less  than  a  bad  ease  of  "sour  grapes." 
This,  however,  is  not  true.  The  information  was  secured 
under  conditions  which  left  no  doubt  as  to  the  veracity 
of  the  witness,  and,  furthermore,  the  writer,  upon  visit- 
ing the  plant  several  months  later,  found  conditions  even 
then  far  worse  than  he  had  been  led  to  expect.  He  also 
knows  that  the  condition  now  is  critical,  and  that  there 
have  been  some  active  negotiations  with  a  view  to  selling 
the  plant  to  private  interests,  which,  by  the  way,  will 
probably  never  amount  to  anything,  as  a  result  of  the 
legislation  passed  not  long  ago  to  the  effect  that  a  muni- 
cipality wishing  to  dispose  of  its  plant  must  go  through 
the  same  tedious  process  by  which  it  acquired  that  plant.  ^ 
Needless  to  say,  local  pride  will  probably  keep  the  ma- 
jority of  the  people  of  a  commimity  from  admitting  at  the 
polls  that  they  have  made  a  failure,  and  there  will  always 
be  many  who  fear  that  to  sell  their  plants,  even  though 
they  may  have  developed  into  white  elephants,  would  be 
to  "sell  out"  the  "public"  to  the  "interests." 

Without  further  multiplication  of  examples,  the  writer 
can  state  that  the  foregoing  is  by  no  means  an  overdrawn 
picture  of  many  of  the  conditions  which  are  about  to  be 
discussed  in  the  following  chapters.  It  is  also  true  that, 
though  conditions  appear  at  'present  to  be  somewhat  im- 
proved, the  ignorance  and  inefficiency  which  have  in 
numerous  instances  characterized  municipal  manage- 
ment, often  due  to  the  fact  that  so  many  people  feel  it 
1  Mass.,  1917,  ch.  205,  sect.  1. 
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incumbent  on  them  to  take  a  hand,  have  frequently  been 
in  the  past  astounding.  Here,  as  in  Wisconsin,^  the  most 
arduous  task  of  the  Commissioners  has  been  that  of  im- 
pressing upon  the  municipahties  the  need  of  applying  to 
their  business,  in  part  at  any  rate,  the  same  tests  by 
which  the  efficiency  of  private  business  is  measured.  Yet, 
after  a  quarter  of  a  century  of  regulation,  the  lesson  does 
not  seem  to  have  been  wholly  learned.  Reams  of  corre- 
spondence regarding  the  simplest  problems  of  accounting, 
are  from  year  to  year  passed  between  the  clerk  of  the 
Board  and  the  various  public  plants.  As  fast  as  managers 
change,  many  lessons  must  be  taught  afresh.  The  wonder 
is  that,  under  the  circumstances,  municipal  ownership 
has  done  so  well.  Whatever  may  have  been  the  short- 
comings of  commission  regulation  in  this  State,  the  degree 
of  success  attained  by  these  plants  has  been  due  in  large 
measure  to  the  Board,  rather  than  to  their  own  unaided 
efforts.  Here,  for  the  present,  let  us  leave  this  aspect  of 
our  study,  reserving  any  criticisms  or  suggestions  until  the 
results  of  the  local  survey  have  been  set  forth.  ^ 

SXJMMARY 

1.  The  returns  are  highly  unsatisfactory  so  far  as  the 
labor  and  wage  data  are  concerned. 

2.  There  has  been  a  more  rapid  rate  of  increase  in  the 
number  of  workers  employed  by  the  generating  compa- 
nies, due,  perhaps,  to  their  more  extensive  distributing 
system. 

3.  The  labor  efficiency  of  the  companies,  in  both  groups, 
is  greater  than  in  the  municipal  plants.  That  of  the  pub- 

1  Holmes:  281. 

2  The  writer's  recent  work  on  the  Federal  Census  of  Central  Electric 
Light  and  Power  Stations  has  enabled  him  to  discover  how  far  superior 
the  records  and  business  methods  of  the  Massachusetts  municipal  plants 
are  to  those  of  most  other  states.  In  the  majority  of  cases  they  do  not 
seem  to  have  the  least  inkling  of  how  their  accounts  should  he  kept,  and 
they  rarely  know  whether  they  are  actually  making  or  losing  money. 
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lie  generating  plants,  however,  is  increasing  rapidly,  while 
there  is  really  not  much  choice  between  the  purchasing 
plants. 

4.  So  far  as  can  be  ascertained  from  the  returns  there 
is  little  difference  between  the  average  wages  paid  by 
each  group. 

5.  The  municipalities  owning  their  plants  have  been 
noticeably  slower  in  adopting  the  recent  progressive  labor 
legislation  than  have  the  municipalities  served  by  the 
companies. 

6.  The  tax  rates  of  the  municipalities  owning  their 
plants  have  increased  more  rapidly  in  both  groups  than 
have  the  rates  in  those  places  served  by  the  privately 
owned  plants.  The  average  tax  rate  is  at  present  consid- 
erably higher  in  those  municipalities  where  the  public 
generating  plants  are  found  than  in  the  other  group.  For 
the  purchasing  plants,  however,  the  rates  are  almost 
identical. 

7.  Though  formerly  the  real  estate  valuations  increased 
much  more  rapidly  in  the  districts  served  by  the  gener- 
ating companies,  at  present  the  rate  of  increase  seems  to 
be  about  the  same  for  the  two  groups.  In  the  municipali- 
ties owning  only  a  distributing  system,  the  rate  of  in- 
crease in  valuations  has,  on  the  contrary,  been  much 
more  rapid  than  in  the  places  securing  service  from  the 
corresponding  group  of  private  plants. 

8.  While  the  municipalities  owning  their  distributing 
systems  only,  seem  in  most  cases  to  be  well  content,  there 
is  or  has  been  evidence  of  considerable  dissatisfaction  in 
many  of  the  places  which  own  their  generating  plants. 
The  returns  do  not  always  represent  the  true  conditions. 

9.  The  passing  degree  of  success  which  has  been  at- 
tained by  some  of  the  municipal  plants,  has  frequently 
been  due  largely  to  the  fostering  care  of  the  Board  of  Gas 
and  Electric  Light  Commissioners  rather  than  to  any  su- 
perior efficiency  of  their  own. 


CHAPTER  X 

THE   LOCAL   Sl'KVEY 

Thoigh  the  prtwdiiij;  oaix^fiil  analyses  of  all  available 
statistical  material  have  clearly  jxtititeil  the  way  to  rather 
tletluite  (.vuchisious  ujxni  the  subject  of  luuuicipa]  owner- 
ship, yet  the  reader  might  still  nwsonably  entertain  lionbts 
n\i:arding  the  acvuracy  of  this  investigation,  proviiied 
the  writer  had  not  made  a  iirst-ha.nd  e\an\ination  of  the 
Kval  (.vnditions  ai\d  the  oix^rating  |xtlicy  i>f  a  represen- 
tative nmnWr  of  the  plants  stndied,  ^lany  doubtful 
questions  can  Ix*  readily  soKtxi  when  one  is  actually  on 
the  ground.  Much  additional  information  of  great  value 
can  thus  lx>  se«.nireA,i.  And.  linally.  a  jxTsonal  knowledge 
of  the  individual  cases  lends  interest  and  life  to  a  study 
which  might  otherwise  prove  sctmewhat  dull  and  aca- 
demic to  the  averag^^  reader.  Aeei^rdingly.  the  writer  will 
ill  the  present  chapter  outline  the  manner  in  which  he 
j>ersonally  c\"»nducted  an  extensive  kxnU  survey  of  the 
grvnij,>s  of  plants  under  consideration,  tvfter  having  eom- 
pleteti  his  analyses  of  the  annual  returns  made  to  the 
Botvrd  of  Gas  and  Electric  Light  Commissioners. 

Before  launching  into  the  details  of  this  ix->rtion  of  our 
subject,  it  may  l>e  well  to  explain  with  some  care  the 
n\ethods  of  investigation  which  were  followed.  In  the 
first  place,  tlie  \NTiter.  assisted  by  ex|>ert  and  wholly 
disinterest etl  engineers  and  aecoin\tants,  studied  with 
great  care  the  oj^x^ration  and  the  managerial  policies 
of  some  tj'piciil  cvntral  stations  in  the  State  which  are 
not  included  in  the  list  of  plants  hertMn  discussed.  Thus 
it  \\*:is  possible  not  only  to  lxxx"»me  more  familiar  with  the 
actual  conduct  of  tlie  electric  Ught  and  power  business. 


MTXICTPAL  ELECTRIC  LIGHTIXG  287 

hut  aL=o  to  establish  certain  impartial  standards  which 
might  safely  be  iLsed  in  passing  judgment  upon  those 
plants  which  were  later  to  Yid  \'isited. 

Then  a  composite  schedule  of  questions  was  prepared, 
covering  many  points  of  necessity  overlooked  in  the  an- 
nual returns,  though  highly  significant  for  one  who  is 
attempting  to  pass  upon  the  comparative  merits  of  pub- 
lic and  private  ou-nership.  Needless  to  state,  this  schedule 
was  meant  merely  to  serve  as  a  rough  sort  of  guide  in 
making  the  survey.  It  was  neither  inclusive  nor  exclu- 
sive, and  often  not  altogether  logical,  but  was  at  any 
rate  suggestive.  Some  of  the  questions  admitted  of  no 
definite  answer,  while  others  were  significant  only  to  the 
extent  that  they  might  throw  light  upon  c-ertain  obscure 
aspects  of  the  fjroblem,  or  furnish  clues  to  further  inves- 
tigation. The  topics  were  not  treated  in  the  schedule  in 
the  order  in  which  they  have  been  developed  in  the  pre- 
ceding chapters.  In  fact,  this  order  was  in  some  cases 
practically  reversed,  as  it  seemed  easier  in  that  way  to 
secure  the  information  desired.  The  later  and  more  de- 
tailed questions  frequently  served  as  a  check  upon  the 
more  general  questions  appearing  earlier.  Perhaps  it  will 
be  of  some  interest  here  to  reproduce  this  list,  which  was 
substantially  as  follows: 

SCHEDULE  FOR  MI-XTCIPAL  .\XD  PRR'ATE 
ELECTRIC  LIGHT  PL.VXTS 

Name  of  Plant 

{Ansuer  those  quegtimvi  irhich  ajrply) 

A.  Gesxral 

1.  Why  did  municipality  acquire  plant? 

2.  What  is  the  attitude  of  the  citizens  in  general  toward  this 

form  of  management? 

3.  ^Miat  is  the  attitude  of  business  men? 

4.  What  is  the  attitude  of  the  municipal  government? 

5.  Is  there  friction  with  other  municipal  departments?    (In- 

dicate clearly.) 
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6.  Have  politics  played  any  part?    If  so,  indicate  definitely. 

(Also  see  later  questions.) 

7.  Is  there  competition  of  gas  or  of  other  electric  plants.'' 

If  so,  what  relations  exist  between  the  two.^* 

8.  Is  any  effort  made  to  secure  new  business.''    If  so,  what 

methods  are  followed.'' 

9.  Have  industries  been  kept  away  because  of  lack  of  ade- 

quate electric  facilities? 

10.  What  proportion  of  the  local  industries  is  supplied  with 

power? 

11.  Has  the  future  development  of  business  been  adequately 

provided  for? 

12.  What  are  the  objections,  if  any,  to  the  present  system,  and 

what  needed  changes  can  be  suggested? 

13.  Is  there  any  desire  to  change  to  private  (public)  owner- 

ship? Why? 

14.  Is  municipal  (or  private)  ownership  in a  real  success? 

Why  or  why  not? 

Remarks: 


B.  Management 
{These  questions  apply  largely  to  municipal  plants) 

1.  Is  the  Municipal  Light  Board  bi-partisan? 

2.  Have  the  members  of  the  board  a  teclmical  knowledge  of 

the  business? 

3.  By  whom  is  the  manager  appointed? 

(a)  For  how  long  a  term? 

(b)  How  long  has  present  manager  served? 

(c)  What  is  the  basis  of  selection? 

4.  How  much  authority  is  given  the  manager? 

5.  Has  his  authority  been  wisely  used? 

6.  Who  purchases  materials? 

7.  How  are  contracts  let? 

8.  Are  local  dealers  favored? 

9.  Is  it  difficult  to  obtain  supplies  because  of  slowness  of 

appropriations? 

10.  Is  the  manager  ever  offered  a  discount  by  dealers,  in  the 

form  of  a  "rake-off"? 

11.  Is  the  manager  a  teclmical  graduate?    If  not,  what  is  his 

general  education  and  his  special  preparation  for  this  work? 
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12.  Is  he  a  member  of  any  technical  society?  If  so,  give  name. 

Does  he  attend  meetings  of  any  scientific  societies? 

13.  Does  the  manager  give  all  of  his  time  to  the  work?    If 

not,  how  much? 

14.  Has  the  manager  ever  played  politics? 

15.  Has  he  ever  been  interfered  with  for  political  reasons? 

16.  Is  his  salary  deemed  adequate?    State  salary.    Does  he 

receive  any  perquisites  besides  his  salary? 

17.  Has  there  been  dishonesty  or  incompetence  in  the  past? 

Remarks: 


C.  Labor 

1.  How  is  the  average  number  of  employees  returned  to  the 

Commissioners  computed?   Give  number. 

2.  How  are  the  employees  chosen? 

3.  Have  political  considerations  governed   appointments  of 

employees? 

4.  Have  employees  taken  any  undesirable  part  in  politics? 

5.  How  many  of  the  employees  are  technically  trained? 

6.  How  many  belong  to  technical  societies? 

7.  What  are  the  hours  of  labor? 

8.  What  are  the  customary  wages  for  the  different  classes  of 

labor  (salaried  employees  included)? 

9.  What  rate  is  paid  for  overtime? 

10.  Do  the  employees  give  all  of  their  time  to  the  electrical 

business? 

11.  Is  the  service  of  employees  of  other  municipal  departments 

utilized?   If  so,  to  what  extent? 

12.  Is  any  system  of  promotion  followed? 

13.  Is  there  any  definite  attempt  to  measure  the  comparative 

efficiency  of  employees? 

14.  How  long,  on  the  average,  are  the  different  employees 

retained? 

15.  Who  has  the  power  of  discharge? 

(a)  Is  there  an  app>eal  from  this  decision? 

(6)  What  are  the  usual  grounds  for  discharge? 

16.  Are  foreigners  employed?   What  nationality? 

17.  What  vacations  or  holidays  are  allowed  with  pay? 

18.  What  is  the  extent  of  the  sick  leave  granted  (with  pay) , 

if  any? 

19.  Is  there  any  welfare  work? 
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20.  Do  employees  receive  any  free  service  or  gratuities? 

21.  Are  they  unionized? 

22.  Have  there  been  any  strikes  or  less  serious  labor  troubles? 

23.  Do  the  employees  seem  to  be  satisfied  with  their  wages  and 

conditions  of  employment? 

24.  Are  the  relations  between  employees  and  employers  alto- 

gether pleasant? 

25.  Are  they  courteous  in  their  dealings  with  the  public? 

Remarks: 


D.  Central  Station 

1.  What  is  the  condition  of  the  boilers? 

2.  What  are  the  facilities  for  handling  coal? 

3.  What  is  the  condition  of  engines? 

4.  What  is  the  condition  of  generators,  and  the  actual  capacity? 

5.  Are  there  any  storage  batteries? 

6.  How  often  are  the  station  meters  tested? 

7.  How  is  the  maximum  demand  measured? 

8.  In  general,  is  the  equipment  up-to-date?   Criticisms. 

9.  What  recent  additions  or  improvements  have  been  made? 

10.  What  additions  or  improvements  are  under  way  or  contem- 

plated? 

11.  Is  there  a  storeroom?  If  so,  in  what  condition  is  it  kept? 

12.  Is  the  "housekeeping"  of  the  plant  good? 

13.  Is  the  ventilation  adequate  and  are  safety  appliances  pro- 

vided? 

14.  Is  the  station  sufficiently  roomy? 

15.  Is  the  plant  adequate  for  the  present  as  well  as  for  the 

immediate  future?    (Indicate  clearly.) 

16.  Does  it  seem  desirable  to  continue  the  generation  of  current? 

If  not,  why? 

17.  Why  did  the  plant  cease  to  produce  its  own  current? 

18.  Is  the  electric  plant  operated  in  connection  with  a  water- 

supply  system  or  a  sewage  disposal  plant? 

19.  Is  the  location  of  the  central  station  satisfactory  from  an 

engineering  and  an  economic  point  of  view? 

20.  Are  there  any  experiments  being  carried  on? 

21.  Is  there  adequate  office-room? 

Remarks : 
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E.  Distribution 

1.  Is  the  town  level? 

2.  Are  the  streets  straight? 

3.  Is  there  much  foliage? 

4.  Was  blasting  necessary  in  setting  poles? 

5.  Is  there  an  underground  system?    (Give  length.)    If  so, 

what  policy  governs  its  installation? 

6.  Are  the  lines  extended  according  to  the  demand?    If  not, 

what  policy  governs  the  extension? 

7.  Are  extensions  promptly  made?   Has  favoritism  ever  been 

shown? 

8.  Do  the  customers  ever  bear  a  part  of  the  cost  of  extension? 

Frequently?  If  so,  how  is  the  cost  apportioned? 

9.  When  a  customer  pays  part  of  the  cost  are  the  construc- 

tion accounts  written  up  proportionately,  or  is  this  item 
not  recorded? 

10.  What  proportion  of  the  poles  are  owned?    (Give  numbers.) 

11.  Is  pole  rental  paid?   If  so,  how  is  the  charge  carried? 

12.  What  seems  to  be  the  average  life  of  the  poles?  Of  lines? 

13.  How  is  the  length  of  lines  and  of  streets  with  overhead  lines 

determined? 

14.  Is  there  a  complete  map  of  the  distributing  system? 

15.  How  is  the  connected  load  determined?     (Distinguish  as 

to  light  and  power  load.) 

16.  What  percentage  of  current  is  used  at  station  and  un- 

accounted for? 

17.  What  reason  can  be  given  for  this  high  percentage  (if  total 

is  over  25  per  cent)  ? 

18.  In  general,  what  is  the  condition  of  the  distributing  system? 

19.  How  frequently  are  the  lines  inspected? 

20.  Is  a  careful  accoimt  kept  of  distribution  tools? 

21.  Is  the  contract  or  "job"  system  used  in  making  extensions, 

or  is  the  direct  employment  method  followed? 

22.  Was  the  original  line  construction  satisfactory? 

23.  What  proportion  of  territory  and  of  population  is  served? 

24.  Are  small  customers  avoided? 


Remarks: 
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F.  Consumption 

1.  Are  customers'  meters  regularly  tested? 

2.  Are  customers'  complaints  promptly  attended  to? 

3.  How  are  complaints  handled? 

4.  Is  inside  work  done  by  the  company  (municipality)? 

5.  Are  appliances  sold?   Fixtures?   On  what  terms? 

6.  Are  special  rates  made  to  large  customers?  On  what  basis? 

7.  Is  there  general  satisfaction  (a)  with  the  rates?    (b)  with 

quality  of  service? 

8.  How  often  are  street  lamps  patrolled? 

9.  How  often  are  accounts  collected? 

10.  Are  customers'  deposits  required? 

11.  Does  the  Department  collect  accounts? 

12.  Who  does  billing? 

13.  Have  rates  been  reduced  without  an  appeal  to  the  Com- 

missioners? 

14.  Enclose  rate  schedule. 


Remarks: 

G.  Financial  and  Miscellaneous 
{Questions  1  to  20  apply  in  the  main  to  municipal  plants  only) 


i 


1.  Are  the  accounts  audited? 

(a)  How  often? 

(b)  Who  does  the  work? 

(c)  Who  bears  the  charge? 

2.  Is  service  rendered  to  other  municipal  departments  with-  ; 

out  compensation? 

3.  Is  service  secured  from  other  departments  without  com-  ! 

pensation?  >) 

4.  Is  payment  made  (in  case  of  municipal  plants)  for  street  | 

lighting?    For  ligMing  public  buildings?    For  municipal  ii 

p)ower?  ^ 

5.  Are  these  actual  payments  or  merely  nominal?  '; 

6.  Is  city  water  paid  for  at  the  usual  rates? 

7.  Is  telephone  and  transportation  service  fully  paid  for?  y 

8.  Is  any  portion  of  salary  of  town  treasurer  or  of  the  solicitor 

paid  for  (if  services  of  latter  are  used)?  ' 
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9.  Are  any  quarters  used  rent  free? 

10.  Is  any  land  not  carried  on  the  books  of  the  plant  used  rent 

free? 

11.  Is  the  police  and  fire  alarm  service  furnished  free? 

12.  Is  there  any  other  free  service? 

13.  Estimate,  by  items,  the  value  of  the  free  service  given  and 

received. 

14.  What  different  kinds  of  insurance  are  carried?   Who  pays 

the  premiums? 

15.  How  is  depreciation  provided  for? 

16.  Is  the  depreciation  fund  a  real  fund?   (Municipal  plants.) 

17.  Are  the  construction  accounts  considered  accurate? 

18.  Has  the  construction  or  maintenance  of  plant  been  financed 

to  any  extent  by  gifts  or  public  contributions? 

19.  If  so,  is  any  record  of  such  sums  kept  on  the  books? 

20.  If  the  plant  is  operated  in  connection  with  a  waterworks 

system  or  a  sewage  disposal  plant,  how  are  the  operating 
expenses  and  the  investment  apportioned. 

21.  What  is  the  approximate  investment  in  equipment  not  in 

use?    (Refers  particularly  to  plants  which  have  ceased 
generating.) 

22.  Has  there  been  waste  or  extravagance  in  investment?   In 

operation?    (Indicate  clearly.) 

23.  Has  the  financial  policy  been  over-conservative? 

24.  Is  a  clear  distinction  made  between  ordinary  repairs  or 

maintenance,  renewals,  and  additions? 

25.  Has  the  normal  amount  of  new  construction  been  installed 

during  the  year  1916-17? 

26.  What  is  the  length  of  contract  for  municipal  lighting? 

What  are  the  terms? 

27.  How  much  is  expended  for  advertising  and  getting  new 

business? 

28.  What  check  is  there  on  financial  dishonesty? 

29.  Criticism  of  accounts. 

30.  Enclose  latest  annual  report  of  the  department  (municipal 

plants). 


Remarks: 

Signature 
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The  next  step  was  to  prepare  the  way  for  the  personal 
visit.  This  was  done  in  the  case  of  the  municipal  plants 
by  means  of  letters  to  the  manager  and  to  the  chairman 
of  selectmen  or  the  mayor,  and  sometimes  to  the  chairman 
of  the  municipal  Ught  board.  In  dealing  with  the  private 
plants  it  was  necessary  to  follow  different  methods,  de- 
pending upon  the  nature  of  the  ownership  in  each  case. 
For  the  plants  independently  owned  and  operated,  letters 
were  sent  to  the  managers  or  superintendents  and  to  one 
of  the  active  officials  of  the  company.  Wlien,  however, 
the  plants  were  controlled  by  gToups  of  investors,  it  be- 
came necessary  first  to  get  in  touch  with  the  recognized 
officials  of  these  groups  or  with  their  general  managers, 
and  through  them  to  take  up  the  matter  with  the  local 
managers  or  superintendents.  In  addition,  letters  were 
also  sent  to  the  chief  municipal  officials  as  in  the  case  of 
the  publicly  owned  plants. 

The  following  is  a  sample  of  the  usual  form  of  letter 
used,  which  was  varied  in  details  to  suit  the  different 
cases: 

Dear  Sir: 

As  a  member  of  the  Department  of  Economics  of  Harvard 
University,  I  have  been. making  a  detailed  study  of  municipally 
owned  electric  light  and  power  plants  in  the  State  of  Massachu- 
setts. In  order  to  make  this  study  more  conclusive  I  have  se- 
lected a  number  of  private  plants  which,  chiefly  by  reason  of  their 
size,  may  fairly  be  used  for  purposes  of  comparison.  The  local 
plant  happens  to  be  on  my  list. 

My  work  has  until  recently  been  confined  largely  to  an 
examination  and  interpretation  of  the  annual  returns  submitted 
to  the  Board  of  Gas  and  Electric  Light  Commissioners.  With  a 
view  to  testing  my  conclusions,  however,  I  find  it  highly  desirable 
to  make  a  personal  survey  of  the  plants  and  districts  which  I 

have  been  studying.  I  hope  to  come  to ,  in  a  short  time,  and 

trust  that  you  will  give  me  an  opportunity  to  discuss  with  you 
the  local  situation,  and  to  visit  your  plant,  etc. 

It  may  be  well  to  state  in  this  connection  that  I  represent  no 
special  interests  in  this  matter,  and  am  wholly  free  from  prejudice 
either  for  or  against  municipal  ownership.  As  a  student  of  public 


IN  MASSACHUSETTS  295 

affairs  I  simply  wish  to  find  out  as  nearly  as  possible  the  actual 
conditions,  in  so  far  as  they  have  a  bearing  upon  the  general 
problem.  All  information  of  a  private  nature  will  be  treated  as 
strictly  confidential,  and,  should  I  eventually  decide  to  publish 
the  results  of  this  study,  the  condition  of  individual  plants  will 
not  be  disclosed. 

Hoping  to  have  the  pleasure  of  meeting  you  soon. 

Yours  very  truly 


After  these  preliminaries  there  remained  simply  the 
task  of  getting  in  touch  with  the  local  parties.  When  it 
did  not  seem  necessary  to  visit  a  purchasing  plant  because 
of  its  smallness,  or  when  it  was  impossible  to  do  so,  a 
schedule  was  enclosed  to  be  filled  out  by  the  different 
parties  in  so  far  as  it  might  be  applicable  and  so  far  as 
their  knowledge  of  the  situation  might  go.  In  the  case  of 
the  centrally  controlled  companies  schedules  were  also 
filled  out  at  the  general  office. 

It  must  not  be  inferred,  however,  that  the  writer  merely 
visited  these  plants  and  discussed  the  general  situation 
with  the  officials  and  with  the  municipal  authorities.  In 
addition,  whenever  there  seemed  to  be  any  reasonable 
chance  for  error,  or  when  the  facts  were  still  in  doubt, 
and  sometimes  mainly  with  a  view  to  satisfying  a  pardon- 
able curiosity  regarding  diverse  opinions,  other  parties 
were  consulted,  including  the  employees,  business  men, 
representative  citizens,  officials  of  competing  gas  com- 
panies, and  central  station  men  in  adjoining  territories. 
Finally,  it  was  often  instructive  to  discuss  such  matters 
with  officials  of  neighboring  municipalities  and  with 
public  utility  men  who  had  business  interests  in  the 
various  localities. 

The  information  thus  secured  through  different  chan- 
nels, properly  analyzed,  duly  tested  according  to  the 
source  of  the  evidence,  and  interpreted  in  the  light  of  the 
already  known  data,  in  the  most  important  particulars 
affords  highly  significant  and  really  dependable  confirma- 
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tion  of  the  tentative  conclusions  which  had  previously 
been  reached  by  the  writer. 

All  of  the  eighteen  municipal  plants  which  were  in  1915 
generating  some  current  were  visited,  together  with  ten 
of  the  more  important  generating  companies.  For  four 
other  companies  of  this  group  carefully  filled  schedules 
were  secured,  either  locally  or  from  the  central  office. 
Thus  definite  and  dependable  information  was  obtained 
regarding  thirty-two  of  the  thirty-five  generating  plants 
studied. 

Though  it  did  not  seem  necessary  to  make  so  careful  a 
survey  of  those  plants  which  are  merely  distributing  their 
current,  yet  the  writer  visited  five  or  six  of  the  larger  mu- 
nicipal plants,  and  has  secured  schedules  or  other  definite 
information  from  the  majority  of  those  remaining.  In 
most  cases  also  the  local  situation  was  carefully  discussed 
with  men  who  had  been  on  the  ground,  so  that  there  seems 
to  be  little  opportunity  for  error  in  drawing  conclusions. 
Beyond  a  doubt,  however,  it  was  more  difficult  to  ob- 
tain the  desired  data  regarding  these  little  plants  than 
in  the  case  of  the  corresponding  group  of  companies. 
Of  the  latter,  two  of  the  larger  were  visited,  and  the 
territory  served  by  several  of  the  others  was  passed 
through,  while  schedules  and  other  satisfactory  informa- 
tion were  secured  for  fifteen  out  of  the  sixteen  plants  in 
this  group. 

In  this  connection  it  is  but  just  for  the  writer  to  state 
that  he  was  highly  gratified  by  the  candor  and  considera- 
tion with  which  he  was  received  by  all  while  making  this 
survey.  Each  municipal  lighting  manager  was  uniformly 
courteous,  giving  generously  of  his  time  whenever  it  was 
asked  for,  placing  absolute  confidence  in  the  integrity  of 
the  writer,  and  frequently  revealing  facts  regarding  the 
conduct  of  his  plant,  which,  though  most  useful  to  the 
investigator,  might  have  proved  somewhat  disastrous  if 
divulged. 
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As  the  present  study  has  to  do  primarily,  not  with  pub- 
lic utilities  in  general,  but  merely  with  those  which  are 
municipally  owned,  it  was  to  be  expected  that  the  com- 
panies would  exercise  some  degree  of  caution  before  giving 
a  warm  welcome  to  an  investigator  who  was  not  at  the 
time  connected  with  any  business  enterprise.  It  must  also 
be  remembered  that  the  first  duty  of  the  officials  of  a  cor- 
poration is  to  guard  well  the  interests  of  its  owners  —  the 
stockholders.  And,  finally,  no  individual  connected  with 
a  privately  owned  plant  occupies  the  unique  position  of 
almost  absolute  authority  enjoyed  by  the  manager  of  a 
municipal  plant;  hence,  it  would  naturally  be  more  diffi- 
cult to  get  in  touch  with  the  inner  conditions  of  the  for- 
mer, particularly  during  the  present  unsettled  times.  Yet 
the  greatest  consideration  was  constantly  manifested  by 
officials  of  the  various  companies,  who  afforded  the  writer 
every  facility,  permitting  him  not  only  to  inspect  their 
plants,  but  also  their  records  if  he  so  desired.  In  only  one 
instance  was  he  refused  admission  to  a  generating  plant, 
and  that  refusal  was  due  to  a  misunderstanding  rather 
than  to  any  active  antagonism. 

Upon  the  whole,  the  writer  was  delightfully  surprised 
at  the  unusual  interest  displayed  in  this  survey  when  its 
purpose  was  explained.  Particular  mention  should  also 
be  made  of  the  management  of  the  numerous  centrally 
controlled  companies,  who  almost  invariably  showed  a 
more  intelligent  and  helpful  appreciation  of  the  present 
work  and  its  difficulties  than  was  manifested  by  some 
of  the  officials  of  locally  owned  companies.  The  gen- 
eral spirit  which  prevailed  may  best  be  indicated  by 
the  three  letters  following,  one  from  the  mayor  of  a 
city,  the  second  from  the  manager  of  a  municipal  plant, 
and  the  last  one  from  the  president  of  a  number  of 
companies: 


298  MUNICIPAL  ELECTRIC  LIGHTING 


July  20,  1917 
Dear  Sir: 

Your  communication  of is  at  hand.    We  are  always  glad 

to  discuss  our  municipal  plant  with  anybody.  The  Manager  will 
extend  to  you  every  courtesy  on  your  visit  here,  and  I  shall  be 
glad  to  have  you  call  upon  me. 

Very  truly  yours 


Mayor 


July  24,  1917 
Dear  Sir: 

Yours  of  — —  is  at  hand.  I  desire  to  say  in  reply  thereto  that 
it  will  give  me  a  great  deal  of  pleasure  to  have  you  examine  our 
plants  at  any  time  that  is  convenient  for  you,  and  to  give  you 
any  information  that  you  may  desire.  ...  If  you  wiU  kindly  ad- 
vise a  day  or  two  in  advance  of  yoiu"  coming,  I  will  arrange  to 
meet  you  and  spend  as  much  of  the  day  with  you  as  you  may 
require. 

Yours  very  truly 


Manager 


August  2,  1917 
My  dear  Sir: 

I  have  your  letter  of in  regard  to  the  investigation  which 

you  are  making  of  municipally  owned  electric  light  plants  in  the 
state.    We  shall  be  very  glad  to  have  you  inspect  the  property 

of  the Company,  and  we  are  ready  to  place  at  your  disposal 

all  the  records  of  the  company  and  such  books  and  accounts 
as  you  care  to  consult. 

The  subject  of  municipal  ownership  is  one  in  which  every 
manager  of  a  privately  owned  company  should  be  keenly  inter- 
ested. I  shall  be  very  grateful  to  you  for  any  light  which  you  may 
be  able  to  throw  upon  the  subject,  and  shall  be  glad  to  cooper- 
ate with  you  in  every  way  to  make  your  investigation  as  search- 
ing as  possible.  If,  when  your  investigation  is  completed,  the 
results  of  it  are  to  be  published,  I  should  Uke  to  have  a  copy. 

Yours  very  truly 

President 


CHAPTER  XI 

THE  LOCAL  BACKGROUND :  GENERATING  PLANTS 

From  time  to  time,  whenever  it  served  to  clear  up  ob- 
scure or  doubtful  points  and  usually  whenever  it  was  rela- 
vant,  reference  has  been  made  in  the  preceding  chapters 
to  certain  portions  of  the  information  secured  in  the  local 
sm-vey.  This  part  of  the  work,  however,  was  done  last  in 
point  of  time,  as  logically  it  should  be,  and  we  are  here 
primarily  concerned  with  a  less  readily  measurable  kind 
of  material  than  that  which  has  been  handled  in  the  earlier 
stages.  Hence,  not  only  does  clearness  of  presentation 
demand  that  these  different  data  be  kept  separate,  but 
also  the  writer  feels  that  by  so  doing  he  can  put  his  case 
more  strongly  and  can  best  appeal  to  the  sense  of  fairness 
of  his  readers. 

The  writer  was  in  no  way  influenced  by  his  previous 
findings  during  this  aspect  of  the  investigation.  On  the 
contrary,  he  merely  made  use,  when  necessary,  of  certain 
undoubted  facts  with  which  he  was  already  familiar,  for- 
getting for  the  time  being  any  tentative  conclusions  which 
he  might  have  reached.  And  now,  when  all  of  these  addi- 
tional data  are  assembled,  they  can  be  the  more  readily 
interpreted  because  of  the  previous  studies,  and,  inasmuch 
as  they  point  to  similar  conclusions,  the  reader  can  rest 
assured  that  he  has  not  been  led  astray  by  the  statistical 
analyses.  Needless  to  state,  it  will  not  be  necessary  to 
discuss  all  of  the  questions  appearing  upon  the  schedule, 
as  many  of  them  overlap  and  some  are  of  slight  impor- 
tance when  considered  alone.  Also,  to  avoid  confusion, 
an  effort  will  be  made  to  adhere  to  the  order  of  treatment 
followed  in  the  earher  chapters  rather  than  to  the  arrange- 
ment given  in  the  schedule.   As  all  information  was  im- 


SOO  MUNICIPAL  ELECTRIC  LIGHTING 

parted  in  confidence,  the  names  of  individual  plants  will 
not  be  disclosed  in  this  connection.  The  plants  generat- 
ing current  in  1915  will  accordingly  be  discussed  first. 

1.  The  Central  Station 

It  is  rather  difficult  to  make  brief  comparisons  of  the 
central  stations  and  their  equipment  which  will  not  prove 
misleading.  What  is  suitable  in  one  place  may  not  be 
suitable  in  another.  Circumstances  frequently  alter  cases. 
Accordingly,  depending  as  much  as  possible  upon  the  state- 
ments of  local  officials  rather  than  attempting  to  set  up  any 
arbitrary  standards  of  his  own,  the  writer  has  endeavored 
to  pass  upon  each  case  as  nearly  as  may  be  separately 
and  to  consider  it  in  relation  to  the  local  conditions.  In 
the  case  of  plants  which  have  ceased  to  generate  current, 
the  equipment  will  be  discussed  as  it  was  in  1915,  provided 
it  has  not  already  been  removed. 

In  general  it  appeared  that  the  boiler  rooms  of  the  com- 
panies were  kept  in  better  order  and  the  steam  pipes  in 
a  more  satisfactory  state  of  repair.  They  also  in  many 
cases  provided  more  convenient  facilities  for  receiving 
and  handling  coal,  though  but  a  few  plants  in  either  group 
were  equipped  with  automatic  stokers.  The  companies 
further  had  more  adequate  boiler  capacity,  whereas  a 
very  frequent  complaint  of  the  public  plants  was  that 
they  had  reached  their  limit  and  that  service  would  have 
to  be  suspended  if  any  accident  should  occur.  The  em- 
ployees of  the  latter  also  reported  many  boiler  troubles, 
and  the  chimneys  were  frequently  too  small  to  give  ade- 
quate draft.  CO^  recorders  and  economizers  were  for  both 
groups  usually  conspicuous  by  reason  of  their  absence. 

The  earlier  statement  to  the  effect  that  the  units  of  the 
municipal  plants  are  noticeably  older  than  those  of  the 
companies  was  very  evident  upon  examination.  It  was 
also  discovered  that  this  difference,  particularly  in  so  far 
as  the  engines  and  dynamos  are  concerned,  is  frequently 
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much  greater  even  than  the  returns  would  seem  to  indi- 
cate, for  in  many  instances  they  have  installed  second-hand 
apparatus  —  a  fact  which  is  naturally  not  disclosed  in 
the  records.  The  most  extreme  case  of  this  sort  which 
came  to  the  notice  of  the  writer  was  one  in  which  an  en- 
gine that  had  been  scrapped  by  an  adjoining  company 
about  fifteen  years  earlier,  was  recently  installed  in  a 
municipal  plant,  having  been  purchased  practically  at  its 
junk  value.  Thus  the  capital  account  was  kept  down  and 
a  good  investment  showing  made  for  the  year. 

An  obvious  advantage  seemed  to  lie  with  the  compa- 
nies in  the  matter  of  generating  equipment,  which,  in  all 
cases  except  one  (out  of  fourteen),  might  be  rated  as  "ex- 
cellent," "good,"  or  "fair,"  whereas  for  the  municipal 
plants  at  least  eight  would  have  to  be  referred  to  as  "poor" 
or  "very  old."  In  justice,  however,  it  must  be  stated  that 
some  of  the  latter  had  purposely  refrained  from  renewing 
or  replacing  their  equipment  because  they  were  merely 
waiting  for  a  good  opportunity  to  purchase  current.  On 
the  other  hand,  several  have  undoubtedly  been  forced  to 
stop  generating  because  their  equipment  had  become  so 
run  down  and  antiquated  that  an  entire  new  investment 
would  have  been  necessary.  Of  this  more  mention  will 
be  made  shortly.  As  to  whether  the  stations  in  general 
are  "up-to-date,"  the  answer  would  be  "yes"  or  "fair" 
for  most  of  the  companies  and  decidedly  "no"  for  at  least 
half  of  the  other  group.  One  of  the  municipal  plants  is 
operating  single-phase  and  three  or  four  still  use  the  two- 
phase  system. 

Regarding  the  testing  of  station  meters,  it  was  found 
that  while  practically  all  of  the  companies  had  regular 
tests  at  intervals  varying  from  three  months  to  one  year, 
half  of  the  public  plants  reported  "indefinite"  or  "when 
needed,"  and  one  frankly  stated  "never."  One  of  the 
latter,  and  until  recently  one  of  the  former,  has  no  means 
whatever  of  determining  the  station  output.    As  the  chief 
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engineer  says,  they  make  their  current  "by  guess  and  by 
God."  It  was  also  noticeable,  and  to  be  expected,  that 
those  municipalities  which  are  purchasing  their  current 
from  private  concerns,  are  considerably  more  careful  in 
this  matter  than  they  were  while  producing  their  own 
current.  Practically  none  of  the  municipal  plants  and 
comparatively  few  of  the  others  were  equipped  with  maxi- 
mum demand  indicators,  and  many  of  the  switchboards 
of  the  former  were  antiquated,  inconveniently  placed, 
and  even  dangerous. 

A  good  many  improvements  had  been  made  by  both 
groups  since  1915,  a  number  of  new  turbines  having  been 
installed,  while  one  of  the  companies  has  constructed  a 
magnificent  new  station,  which,  of  its  size,  is  undoubtedly 
the  best  in  the  State. 

While  it  is  difficult  to  make  comparisons  of  what  may 
be  termed  the  "housekeeping"  of  the  plants,  due  in  some 
measure  to  the  fact  that  considerations  of  space  may  affect 
the  situation,  yet  the  writer  ended  his  investigation  with 
a  distinct  impression  that  in  general  the  conditions  were 
appreciably  better  in  the  companies,  in  several  of  which 
the  only  proper  designation  would  be  "excellent." 

There  was  little  to  criticize  as  to  the  ventilation  of  the 
private  stations,  but  at  least  half  of  the  other  group  must 
be  said  to  have  "poor,"  or  at  most  only  "fair  "  ventila- 
tion. While  it  might  be  expected  that  the  State  inspec- 
tors would  see  to  it  that  adequate  provisions  are  made  for 
the  safety  of  employees,  yet  the  writer  was  somewhat 
surprised  to  find  that  in  many  of  the  municipal  plants 
the  switchboards  are  unprotected,  and  in  some  cases 
crowded  so  close  to  the  wall  that  there  is  scarcely  room 
for  the  operator  to  pass.  Much  of  the  apparatus  in  the 
older  and  more  crowded  plants  of  this  group  is  a  constant 
source  of  danger  to  the  employees. 

The  companies  almost  without  exception  have  roomy 
stations  and  plenty  of  office  space.    Of  the  municipal 
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plants,  however,  several  stations  are  so  small  and  con- 
gested that  conditions  are  highly  unpleasant  for  the 
employees,  nor  are  they  large  enough  to  permit  the  in- 
stallation of  much  needed  equipment.  There  is  absurdly 
insufficient  office  room  in  six  or  seven  of  the  latter,  and 
in  several  cases  the  office  is  located  at  the  station  itself  in 
a  place  highly  inconvenient  for  the  public. 

So  far  as  the  location  of  the  central  station  is  concerned, 
it  is  "  unsatisfactory  "  or  "  doubtful "  in  three  of  the  ten  com- 
panies visited,  while  for  the  other  group  it  is  obviously 
"unsatisfactory"  in  at  least  five  cases  and  "doubtful" 
in  several  more.  This  state  of  affairs  is  in  some  measure 
accounted  for  by  the  fact  that  most  of  the  five  munic- 
ipalities operating  their  water  system  in  connection  with 
their  fighting  plants,  had,  for  the  sake  of  economy  in  in- 
vestment, installed  the  latter  in  the  premises  occupied  by 
the  former,  with  no  thought  of  the  inconveniences,  diffi- 
culties, or  increased  operating  expenses  which  might 
thereby  be  involved. 

The  answers  to  the  question  regarding  the  adequacy 
of  plant  for  the  present  and  the  immediate  future,  fur- 
nish a  highly  significant  commentary  upon  some  of  the 
problems  of  public  ownership.  Taking  both  groups  as 
they  were  in  1915,  it  appears  that  at  least  three  of  the 
companies  were  inadequate  and  as  many  more  in  a 
doubtful  condition.  But  of  the  municipal  plants  at 
least  ten  were  obviously  inadequate,  whether  because 
of  antiquated  equipment  or  by  reason  of  insufficient 
capacity,  while  three  or  four  others  occupied  a  doubtful 
position. 

Hence  it  is  not  strange  to  find  that  some  two  years 
later  three  private  plants  and  seven  public  plants  have 
ceased  to  generate  their  current  —  though  some  of  them 
are  keeping  their  equipment  in  condition  to  use  in  case 
of  emergencies.  Two  other  municipal  plants  are  at  pres- 
ent seriously  considering  the  same  step,  while  two  addi- 
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tional  ones  which  were  on  the  point  of  buying  all  of  their 
current,  have,  in  the  one  case  because  of  a  false  local  pride, 
and  in  the  other  because  of  unbusinesslike  methods  fol- 
lowed in  attempting  to  negotiate  a  contract  for  the  pur- 
chase of  current,  been  compelled  to  continue  the  business 
of  generation.  Of  the  remaining  plants  of  each  group  only 
five  or  six  in  either  case  assert  definitely  that  it  is  desir- 
able to  continue  to  produce  current,  the  reason  given  in 
some  instances  being  that  they  are  not  at  present  within 
reach  of  a  selling  company.  The  recent  rapid  develop- 
ment of  hydro-electric  plants  has,  however,  marked  the 
end  of  profitable  steam  generation  by  any  but  the  largest 
plants. 

Of  the  companies  ceasing  to  make  their  current,  one 
obviously  did  so  because  of  the  great  investment  which 
would  have  been  necessary  to  put  the  plant  in  proper 
shape,  another  because  of  the  high  cost  of  coal,  and  the 
third  largely  because  its  owners  were  also  interested  in 
some  water-power  development  which  they  wished  to 
utilize.  Four  or  five  of  the  other  group  ceased  generating 
for  the  most  part  because  of  the  greatly  increased  invest- 
ment which  would  have  been  necessary  to  enable  them 
to  give  satisfactory  service,  while  the  others  seem  to  have 
been  influenced  most  by  the  high  cost  of  fuel.  All  of  the 
companies  and  three  of  the  municipalities  are  buying 
current  generated  by  water  power. 

Four  or  five  of  the  remaining  municipal  plants  will  be- 
fore long  be  forced  to  double  their  investment  in  order 
to  give  the  service  which  the  people  are  demanding  and 
have  a  right  to  expect.  In  fact  the  largest  plant  of  this 
group  in  the  State  is  seriously  considering  the  advisabil- 
ity of  installing  a  thoroughly  new  station  at  a  cost  of 
probably  more  than  $2,000,000.  The  development  of  the 
territory  is  such  that  this  step  will  soon  be  necessary  un- 
less current  is  to  be  purchased  from  one  of  the  hydro- 
electric companies;  for  the  original  station,  taken  over 
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from  a  private  concern,  is  from  nearly  every  point  of  view 
at  present  highly  unsatisfactory. 

That  so  many  public  plants  are  scrapping  their  station 
equipment  is  by  no  means  a  sufficient  reason  for  condemn- 
ing the  proposition  of  municipal  ownership  in  general. 
Rather,  the  management  is  probably  displaying  excellent 
judgment  in  ceasing  to  do  what  can  be  more  cheaply  done 
by  private  enterprise.  Whether  under  public  or  under 
private  ownership,  the  day  of  the  small  generating  plant 
is  passed.  But  the  rather  unpleasant  fact  remains,  that 
the  progress  of  the  art,  making  possible  the  satisfactory 
transmission  of  current  over  long  distances,  has  brought 
it  about  that  the  municipal  plants  of  Massachusetts  will 
be  burdened  with  hundreds  of  thousands  of  dollars  of 
investment  in  dead  assets,  upon  which  they  will  in  most 
cases  continue  to  pay  interest  for  many  years.  This  in- 
vestment, together  with  the  interest  paid  thereon,  should 
be  compounded  regularly,  divided  by  the  number  of  years 
during  which  a  given  plant  was  operated,  and  then  appor- 
tioned to  the  annual  amount  of  current  used  for  street 
lighting,  —  or  also  added  to  the  commercial  rates,  if  they 
were  lower  than  those  which  would  have  been  charged  by 
a  private  plant,  —  provided  one  really  wishes  to  know 
something  about  the  cost  of  service  under  municipal  owner- 
ship. The  "long  run"  must  always  be  considered  when 
large  issues  are  studied. 

2,  Distribution 

While  an  attempt  was  made  to  select  plants  which  are 
operating  as  nearly  as  may  be  under  topographically  simi- 
lar conditions,  yet  it  was  found  upon  actual  visitation 
that  in  a  large  number  of  cases  the  companies  are  located 
in  places  where  the  surface  is  hilly,  the  streets  irregular, 
the  soil  rocky,  and  the  foliage  unusually  abundant,  where- 
as the  conditions  existing  in  the  other  group  were  gener- 
ally decidedly  more  favorable.    The  rocky  or  excessively 
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irregular  condition  of  the  ground  makes  the  installation 
of  poles  a  more  expensive  undertaking,  and  with  a  greater 
amount  of  foliage  the  cost  of  upkeep  of  lines  is  much  in- 
creased as  well  as  the  difficulty  of  lighting  the  streets.  In 
these  regards,  accordingly,  the  public  plants  would  seem 
to  have  a  considerable  advantage.  (The  reader  will  also 
recall  that,  as  shown  in  an  earlier  chapter,  the  companies 
are  serving  a  much  more  scattered  population  than  are 
the  municipal  plants,  and  that  they  are  reaching  for  the 
most  part  a  greater  proportion  of  the  inhabitants.) 

In  dealing  with  the  distributing  system  it  was  a  diffi- 
cult matter  to  discover  how  many  poles  are  owned  out- 
right and  how  many  are  jointly  owned  or  merely  used  for 
attachments,  for  not  until  the  present  year  did  the  annual 
returns  made  to  the  State  Board  definitely  require  such 
information.  However,  as  it  has  been  suggested  in  the 
chapter  on  physical  statistics,  the  companies  appear  to 
own  a  much  larger  proportion  than  do  the  municipal 
plants.  Joint  ownership  is  common  to  both  groups,  and 
some  rentals  are  paid  by  both  —  more  frequently  by  the 
companies.  There  are  other  arrangements  of  joint  or  com- 
plete maintenance,  and  sometimes  municipalities  seem 
to  regard  and  use  as  public  property  any  poles  which  have 
been  placed  in  the  streets  by  private  concerns.  Upon  the 
whole  the  public  plants  have  a  decided  advantage  over 
private  plants  in  this  matter,  for  under  the  police  powers 
of  municipal  corporations  they  can  do  what  they  please 
with  the  poles  for  which  a  location  has  been  granted,  or, 
on  the  other  hand,  the  authorities  may  refuse  to  grant 
locations  until  they  have  secured  the  concessions  which 
they  may  wish.  In  general  the  managers  of  municipal 
plants  seem  to  endeavor  to  keep  on  good  terms  with  the 
other  pubhc  utiUties  in  this  matter,  but  the  fact  still  re- 
mains that  they  desire  to  avoid  expense  under  this  head. 
It  is  unnecessary  to  weary  the  reader  further  with  the  de- 
tails of  the  various  forms  of  agreement  which  are  entered 
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into,  except  to  say  that  nearly  every  plant  handles  the 
problem  in  a  different  way.^ 

Only  three  of  the  municipal  plants  state  that  they  feel 
practically  certain  of  the  length  of  their  hnes,  having  actu- 
ally measured  them.  Four  others  report  that  they  have 
merely  scaled  the  "streets  with  overhead"  from  blue- 
prints of  the  city  engineer,  without  attempting  anything 
further;  while  the  remainder  simply  indicate  that  the 
"length  of  street  lines"  returned  is  built  up  upon  the 
earlier  estimates  and  records,  and  that  it  is  beyond  a  doubt 
no  more  than  a  rough  approximation.  Practically  all  of 
the  companies  report  that  the  length  of  their  lines  is  deter- 
mined by  actual  measurement.  Only  eight  of  the  eighteen 
municipal  plants  appear  to  have  more  or  less  satisfactory 
maps  of  their  distributing  systems,  but  almost  all  of  the 
private  plants  seem  to  be  reasonably  well  equipped  in  this 
regard. 

As  to  the  condition  of  the  distributing  system  in  gen- 
eral, it  appeared  to  be  for  the  most  part  "good,"  though 
in  a  few  cases  only  "reasonably  satisfactory,"  for  all  of 
the  companies  from  which  information  was  secured.  Sev- 
eral of  the  municipal  plants  have  Une  construction  much 
below  the  standard  both  in  the  size  and  quality  of  poles 
and  in  the  size  of  wire,  while  the  condition  of  the  rest  is 
about  equally  divided  between  "good"  and  "fair."  In 
five  or  six  of  this  group  the  original  construction  was 

^  Naturally  many  of  the  agreements  are  so  vague  that  much  confu- 
sion might  result.  Among  other  amusing  instances  occiuring  in  this  con- 
nection, the  writer  was  told  of  a  case  in  which  the  town  was  supposed  to 
own  the  alternate  poles,  the  rest  belonging  to  the  street  railway  com- 
pany. On  one  occasion  a  valuable  horse  ran  away  and  killed  himself  by 
bumping  into  one  of  the  poles  which  was  not  properly  located  on  the 
street.  The  owner  sued  the  town  for  damages.  Then  the  question  arose 
as  to  whose  pole  it  really  was  that  killed  the  animal.  The  company  began 
to  count  in  one  place  and  maintained  that  the  town  owned  the  guilty 
pole;  the  town  began  its  count  elsewhere,  and  accused  the  company's 
pole.  Finally,  after  much  litigation,  the  matter  was  compromised  by 
each  party  paying  half  of  the  damages. 
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clearly  unsatisfactory;  but,  so  far  as  could  be  ascertained 
there  had  been  no  particular  complaint  about  this  point 
in  the  case  of  the  companies.  In  the  matter  of  line  in- 
spection, according  to  the  statement  of  officials,  there 
seems  to  be  little  to  choose  between  the  two  groups,  ex- 
cept that  four  public  plants  report  no  definite  or  regular 
inspection.  The  others  for  the  most  part  report  "con- 
stant" inspection,  and  in  some  instances  "monthly," 
"semi-yearly,"  "yearly,"  or  "after  storms." 

The  connected  fighting  load  in  both  cases  seemed  to  be 
more  or  less  roughly  estimated,  though  some  take  the 
trouble  to  make  frequent  house  inspections  in  order  to 
determine  the  customer's  maximum  demand.  The  com- 
panies apparently  exercised  the  greater  care  in  keeping 
track  of  their  power  load. 

There  seems  to  have  been  some  reduction  in  the  amount 
of  "current  unaccounted  for"  since  1915,  though  in  sev- 
eral of  the  municipal  plants  it  was  stiU  very  high.  Part  of 
the  difference  between  the  two  groups  can  be  accounted  for 
by  the  use  of  too  small  wire,  tree  contacts,  old  meters  and 
transformers,  and  small  transformers.  (As  stated  in  an 
earlier  chapter,  the  transformers  of  the  companies  aver- 
age about  8  per  cent  larger  than  those  of  the  municipal 
plants.)  It  was  also  significant  to  learn  that  some  of  the 
companies  which  of  necessity  used  numerous  small  trans- 
formers because  of  their  large  lighting  business  occasioned 
by  summer  customers,  follow  the  practice  of  "cutting 
out"  these  transformers  during  the  winter  months  when 
they  are  not  needed,  thus  preventing  a  very  considerable 
loss  of  current.^ 

Furthermore,  the  irregularity  with  which  the  station 
meters  of  the  municipal  plants  are  tested  may  account 
for  part  of  the  apparent  loss.  Also,  in  two  rather  impor- 
tant cases  the  writer  was  surprised  to  be  told  on  good 
authority  that  there  had  been  an  actual  "rigging"  of  the 
^  For  a  fuller  discussion  of  this  subject,  see  eh.  iv,  pp.  100-104. 
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transformers  and  meters  in  several  instances,  so  that  the 
customer  was  billed  a  much  smaller  amount  of  current 
than  he  had  actually  consumed.  Finally,  it  is  worthy  of 
note  that  the  public  plants  which  have  begun  to  buy  their 
current  have  greatly  reduced  their  "unaccounted  for." 
When  there  is  a  direct  outlay  for  every  kilowatt  hour 
used,  some  incentive  is  given  to  stop  the  more  common 
sources  of  loss. 

For  the  most  part  the  direct  method  of  employment 
was  followed  by  both  groups  in  making  extensions.  The 
policy  adopted  in  extending  lines  varies  more  or  less  ac- 
cording to  the  character  of  the  district  served.  Yet  six 
or  seven  public  plants  state  that  they  do  not  extend  accord- 
ing to  the  demand,  and  more  than  half  of  them  consider 
chiefly  the  probable  return  on  the  investment  necessi- 
tated, usually  requiring  a  minimum  guarantee  of  current 
consumed  amounting  to  20  or  25  per  cent  of  the  cost  of 
making  the  extension.  In  several  cases  known  to  the 
writer  poUtical  considerations  have  beyond  a  doubt  caused 
long  extensions  to  be  made  which  were  certainly  not  jus- 
tified. But,  as  a  usual  thing,  the  managers  of  municipal 
lighting,  in  order  to  make  as  good  a  showing  for  the  year 
as  possible,  refuse  to  make  extensions  which  will  not  be 
clearly  profitable.  And  in  this  policy  they  are  probably 
justified,  for  the  aggrieved  party  can  have  the  matter 
voted  upon  at  the  town  meeting,  or  can  refer  it  to  the 
city  government,  in  which  case  he  may  be  sustained,  if 
his  cause  is  just,  —  or  if  he  has  sufficient  "pull,"  —  while 
otherwise  he  will  be  forced  to  go  without  service.  The 
State  law,  as  previously  discussed,  does  not  appear  to 
exercise  compulsion  over  municipalities  in  this  matter. 
Again,  the  prospective  customer  may  be  charged  part  or 
all  of  the  cost  of  making  the  extension,  at  any  rate  if  on 
private  land,  and  in  case  he  refuses  to  bear  this  cost  he 
can  be  denied  service.  While  there  is,  of  course,  the  re- 
mote possibility  of  securing  action  by  the  municipality. 
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yet  the  outcome  in  either  of  these  cases  usually  is  that 
extensions  are  by  no  means  promptly  made  and  that  small 
customers  are  discouraged  unless  they  happen  to  be  con- 
veniently located. 

The  companies  for  the  most  part  maintain  that  they 
make  extensions  according  to  the  demand,  though  they 
try  to  secure  a  reasonable  minimum  guarantee  whenever 
possible.  This  guarantee  was  usually  found  to  be  consid- 
erably lower  than  in  the  case  of  the  public  plants.  They 
also  sometimes  charge  up  part  of  the  cost  of  extension  to 
the  customer,  or  let  him  pay  for  the  transformer  or  for  his 
meter.  But  as  a  rule  their  policy  is,  and  from  the  very 
nature  of  the  case  must  be,  more  liberal  than  that  of  the 
other  group,  for  there  is  no  buffer  between  them  and  the 
consumer  corresponding  to  the  town  meeting  or  the  mu- 
nicipal government.  Rather,  they  are  put  constantly  on 
the  defensive,  and  can  at  any  time  be  forced  by  the  State 
Board  to  furnish  service,  whether  they  will  or  no.  Hence,  in 
an  effort  to  avoid  the  disagreeable  publicity  and  the  ensuing 
prejudice  which  result  from  an  appeal  to  the  Board,  they 
usually  endeavor  to  keep  the  people  satisfied.  Appeals  for 
extensions  have  been  comparatively  few  in  recent  years. 

3.  Consumption 

There  will  always  be  customers  who  are  afraid  that 
their  meters  are  registering  too  much  current,  and  who 
cause  those  in  the  Ughting  business  a  great  amount  of 
annoyance.  In  order  to  keep  the  peace,  for  according  to 
law  such  persons  can  complain  to  the  State  Board,  many 
companies  find  it  desirable  to  do  a  good  deal  of  really 
unnecessary  testing  of  meters.  It  is  also  probable  that  a 
certain  class  of  customers  are  natmally  more  suspicious 
of  a  private  concern  than  of  a  municipality.  At  any  rate, 
most  of  the  companies  report  regular  tests  at  reasonable 
intervals.  The  public  plants,  also,  though  seven  report 
"no  tests"  or  only  "upon  complaint,"  appear  to  be  giving 


IN  MASSACHUSETTS  311 

more  attention  than  formerly  to  this  aspect  of  their  serv- 
ice. As  an  example  of  the  need  for  more  care  in  this  re- 
gard, the  case  of  a  large  municipal  plant  may  be  cited, 
which,  upon  a  change  of  management,  tested  all  of  the 
customers'  meters,  of  which  47  per  cent  were  found  to  be 
accurate,  7  per  cent  from  2  to  26  per  cent  fast,  and  the 
remaining  46  per  cent  from  2  to  100  per  cent  slow! 

Customers'  complaints  appear  to  be  reasonably  well 
attended  to  by  both  groups,  though  the  municipal  plants 
can  be  more  independent  in  the  matter,  and  the  manager 
frequently  can,  if  he  wishes,  hide  behind  the  municipal 
light  board  or  the  municipal  government.  Overlapping 
jurisdiction  in  such  cases  sometimes  causes  unwarranted 
delay  in  attending  to  complaints. 

All  of  the  companies  report  the  sale  of  appliances,  and 
several  sell  fixtures,  while  four  or  five  public  plants  sell 
few  appliances  or  none  at  all,  and  only  one  sells  fixtures. 
The  latter  are  much  handicapped  in  this  matter  because 
they  as  a  rule  have  little  or  no  display  room.  The  terms 
are  about  the  same  in  both  cases  —  "at  cost"  or  "near 
cost."  Some  of  the  companies,  however,  offer  liberal 
credit  in  order  to  push  the  use  of  various  devices,  and  thus 
increase  the  day  load.  The  public  plants,  as  might  be 
expected,  are  not  usually  so  liberal  in  this  regard,  though 
the  largest  one  of  all  maintains  a  little  shop  where  house- 
hold appliances,  such  as  irons,  are  repaired  free  of  charge. 
The  manager  deems  it  more  advantageous  in  this  case  to  be 
constantly  selling  current  than  to  secure  the  usual  fees  for  re- 
pairs or  to  have  the  appliances  discarded  as  so  often  happens. 

Deposits  are  usually  required  in  both  groups  at  the  dis- 
cretion of  the  manager  or  from  tenants.  Accounts  are 
always  collected  monthly  by  the  companies;  but,  for  the 
lighting  customers  in  a  few  of  the  smaller  municipal  plants, 
at  intervals  of  two  or  even  three  months.  The  latter  in 
two  cases  also  make  large  use  of  prepayment  meters. 

In  a  few  cases  special  rates  are  made  to  large  consumers 
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of  power,  but  for  the  most  part  the  usual  schedules  are 
followed.    All  of  the  municipalities  report  general  satis- 


Table  50.  Petitions  of  Municipal  Government,  Citizens, 
OR  Consumers  regarding  Price  or  Quality  of  Service 
since  1910,  AND  action  OF  State  Board  thereon  ^ 


Name 

Date 

Petition 

Action  of  board 

L  Private  plants : 

A.  Generating  — 

Beverly  ••••.•■••••• 

1910 

Board  does  not  sustain 

consumer's    petition 

for  reduction  in  price 

1914 

Petition  of  mayor  for 

No  action,  but  rate  re- 

reduction in  price 

duced  in  1915  from 
lU  to  lOii 

Newburyport 

1910 

Reduction  in  maximum 
net  rate  ordered  from 
15(i  to  14(i 

1912 

"1  Petition  of  consumers 
for  reduction  in  price 

1913 

y                do. 

No  action 

1914 

do. 

1915 

J                 do. 

North  Adams 

1910 

Petition  of  consumers 
for  reduction 

1911 

Reduction  ordered  from 
13.5fitol2.5(i 

Northampton 

1913 

Petition  of  mayor  for 
reduction  in  price 

1914 

Reduction  ordered  from 
14(i  to  9jS 

Plymouth 

1910 

Petition  of  selectmen 
regarding      quality 

and  price 

1911 

Reduction  ordered  in 
price  of  street  lights 

Ouincv 

1913 
1914 
1915 

]  Petition  of  Board  of 
,     Trade  and  citizens 
[     for     reduction     in 
J      price 

«)|MAUWJ 

No  action 

Vineyard 

1915 

Petition  of  consumers 

for  investigation  of 

rates  and  service 

1916 

Board  for  most  part 
Biistains  company 

B.  Purchasing  — 

MiUord 

1914 

Petition  of  selectmen 

and  consumers  for 

reduction 

1915 

Reduction  ordered  from 

18(S  to  14it 

II.  Municipal  plants : 

Hull 

1915 

Petition  of  consumers 
for  reduction  in  price 

No  Action:  but  rates  re- 

duced   in  1916  from 

and  improvement  in 

20(tandl5iitol7(»and 

service 

14ji  _ 

Taunton 

1913 

Petition  of  citizens  for 
reduction  in  price 

No  action:  but  ratft  ro- 

<^  ■»%#  H  V^Jm^  e***^    ■••••• 

duced  in    1914  from 

13ji  to  9.9(! 

>  Table  includes  only  the  groups  of  plants  studied. 
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faction  with  the  rates  at  present,  while  a  few  of  the  com- 
panies admit  that  their  charges  are  considered  high.  Yet, 
within  the  last  seven  years,  as  shown  by  the  accompany- 
ing table  (56),  there  has  been  but  little  active  agitation 
for  reductions  in  price,  and  in  only  four  cases  out  of  the 
seven  listed  did  the  Board,  after  careful  deliberation,  sus- 
tain the  petitioners.  On  the  other  hand,  there  have  been 
within  the  period  numerous  voluntary  reductions  in  price. 


Table  57.  Voluntary  Reductions  in  Maximum  Net  Com- 
mercial Lighting  Rates  since  1910  (cents  per  K.W.H.) 


Municipality 


I.  Generating  — 

Braintree .... 

Chicopee 

Coucord 

Dauvers 

Holyoke 

Hudson 

Hull 

Ipswich 

Mansfield .... 
Marblehead  . . 
Merrimac .... 
Middlebor- 

ough 

N.  Attlebor- 

ough 

Peabody  

Reading 

Taunton 

Wakefield 

Westfield  .... 

II.  Purchasing  — 

Ashburnham . 

Belmont 

Boylston 

Georgetown . . 

Groton 

Groveland  . . . 
Hingham  .... 

Holden 

Littleton  .... 
Lunenburg. . . 
Middleton. . . . 

Norwood 

Paxton 

Princeton .... 

Rowley 

Shrewsbury  .. 
South  Hadley 

Sterling 

Templeton.... 
Wellesley .... 
West  Boylston 


1910 


1911 


10to9 


15  to  12 


15  to  11 


1912 


12.35  to  11.7 
12.8  to  10.8 


10.8  to  10 
15  to  12 


11  to  9 


15  to  13 


15  to  11 
10.8  to  10 


1913 


12  to  10 


8to6 
15  to  10 


15  to  11.7 
12  to  11 


12  to  11.2 


10  to  9 


1914 


12  to  9.6 


13.5  to  12 
11.7tol0.f 

13  to  9.9 
15  to  12 
10  to  7 


14.4  to  13.5 


13  to  10.8 


9  to  8.5 


1915 


10.8  to  9.9 

ll.'2tol0 
13.5toil.7 


15  to  12.5 


1916 


9.6  to  9 


20  to  14 
10.8  to  10 


12  to  10 


» 


12  to  11 


13.5  to  11.7 


>  Increased  in  1917  to  9  cents. 
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amounting  to  twenty-four  instances  in  fourteen  different 
generating  plants.  The  writer  has  also  been  informed  of 
two  or  three  additional  reductions  which  have  taken  effect 
recently.  Thus  the  total  number  of  price  reductions  ap- 
pears to  have  been  at  least  thirty.  The  corresponding 
group  of  municipal  plants  have  in  the  same  period  also 
made  twenty  voluntary  reductions  in  price  in  fifteen  dif- 
ferent plants,  while  two,  at  least,  have  been  forced  from 
financial  reasons  to  increase  their  rates. 

There  were  a  few  complaints  about  the  quality  of  ser- 
vice rendered  by  the  municipal  plants,  and  there  would 
probably  have  been  more  had  they  not  been  publicly 

Table  58.    Voluntary  Reductions  in  Maximum  Net  Com- 
mercial Lighting  Rates  since  1910  (cents  per  K.W.H.) 


Company 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

I.  Generating  — 

Amesbury 

•  •  >  « 

.... 

18  to  16 

.... 

.... 

a  a  a  a 

Attleborough. . 

.... 

15  to  14 

14  to  13 

13  to  12 

12  to  11 

.... 

.... 

Beverly 

•  ■  •  • 

.... 

12  to  11 

■ .  •  • 

.... 

.... 

11  to  10 

Buzzard's  Bay. 

.... 

.... 

27  to  17.5 

. .  •  • 

•  •  •  • 

.... 

a  a  *  a 

Citizens' 

>  •  •  • 

.... 

.... 

.... 

.... 

.... 

•  •  •  • 

Gloucester .... 

•  .  .  . 

.... 

18  to  14 

.... 

14  to  10 

•  •  a  . 

Great  Barring- 

ton  

•  .  .  • 

.... 

.... 

.  • « • 

.  a  •  a 

.  •  •• 

14.4  to  14 

Lee • . 

18  to  16 

16  to  15 

15  to  14 

— 

14  to  12 

.  •  a  . 

Leominster 

Newburyport.. 

•  .  .  • 

.... 

.... 

.... 

14  to  13 

.... 

a  a  a  . 

North  Adams.. 

.... 

.... 

.... 

.... 

•  •  a  • 

12.5  to  11 

.... 

Northampton.. 

.... 

15  to  14 

.... 

.... 

aa  •  • 

,  ,  ,  , 

.... 

Plymouth 

.... 

.... 

16.2  to  14.4 

.... 

.  a  a  • 

.  .  .  ■ 

14.4  to  13.5 

Quincy 

17  to  15 

.... 

15  to  13.5 

•  •  .  a 

.... 

...  a 

Vineyard 

*  •  •  ■ 

.... 

27  to  17.5 

■ . .  • 

.... 

.... 

.... 

Weymouth 

.... 

.... 

.... 

...  a 

a  •  .. 

.... 

Winchendon. . . 

•  •  •• 

.... 

20  to  12 

.... 

.... 

...  a 

•  •  a  • 

H.  Purchasing  — 

Ayer 

•  •  •  • 

.... 

.  .  ■  ■ 

18  to  17 

17  to  15 

.... 

Blackstone  .... 

.... 

•  -  •  • 

.  ■  •  • 

.... 

15  to  14 

a  •  .  ■ 

14  to  13.5 

Franklin 

•  •  •  • 

.... 

•  •  •  • 

12  to  9.9 

...  a 

•  •  »  • 

a  a  •  a 

Harvard 

•  *  •  • 

.... 

...  a 

.... 

.  .  a  • 

•  •  •  • 

Ludlow 

.... 

.... 

.... 

.  »  .  a 

a  a  .  . 

.... 

•  a  a  a 

Manchester.. .. 

.... 

.... 

.... 

.... 

.... 

.... 

Milford 

.... 

19  to  18 

■  .  .  > 

.... 

.... 

.... 

14  to  10 

Mill  River 

>  •  •  • 

•  ■  >  . 

.... 

.... 

.... 

.... 

.... 

North  Brook- 

field 

•  ■  •  • 

.  ■  •  • 

•  .  .  * 

.... 

15.3  to  15 

.... 

■  a  .  > 

Provincetown. . 

•  •  •  • 

•  •  .  • 

.... 

...  a 

.... 

.... 

aa  a* 

Randolph 

•  •  •  • 

.... 

.... 

.... 

.... 

.... 

aa  aa 

Shirley 

.... 

.... 

.... 

.... 

.... 

.... 

•  aa. 

Spencer 

•  •  •  . 

.... 

.... 

.... 

.... 

.... 

...a 

Sunderland .... 

■  •  .  . 

.... 

.... 

20  to  13.5 

.... 

.    .   .. 

.  a  aa 

Ware 

•  ■  .  • 

.... 

20  to  15.3 

.... 

15.3  to  15 

.... 

.... 

Williamstown. . 

.... 

13.5  to  13 

.... 

.... 

13  to  12 

.... 
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owned,  for  people  usually  complain  less  about  inconven- 
iences of  their  own  making  than  about  those  which  are 
imposed  upon  them  by  others.  With  one  or  two  excep- 
tions there  seemed  to  be  little  complaint  regarding  the 
service  furnished  by  the  companies,  and  in  many  cases 
it  was  spoken  of  in  the  most  appreciative  terms. 

Finally,  it  is  interesting  to  note  that  while  the  private 
plants  usually  watch  their  street  lights  carefully,  gener- 
ally keeping  a  man  on  inspection  duty  or  on  call  every 
night,  the  public  plants  seem  for  the  most  part  to  depend 
upon  citizens  or  policemen  to  report  outages,  etc.,  and 
then  attend  to  the  matter  when  circumstances  render  it 
convenient.  This,  again,  is  explained  by  the  fact  that  one 
who  serves  himself  is  naturally  less  particular  than  one 
who  hires  the  service  of  others. 

4.  Financial  Matters 

As  a  large  number  of  the  questions  on  the  schedule 
under  the  head  of  "Financial  and  Miscellaneous"  apply 
solely  to  municipal  plants,  these  will  be  first  discussed. 
It  was  found  to  be  necessary  to  ask  very  specifically  re- 
garding the  various  kinds  of  free  service  received,  because 
the  managers  of  municipal  plants  seemed  to  regard  as 
their  rightful  prerogatives  any  free  services  which  they 
had  customarily  received  from  the  municipality,  even 
though  the  electric  plant  rendered  no  service  in  return. 

Aside  from  street  lighting,  there  were  only  one  or  two 
instances  worth  noting  of  free  service  furnished  to  the 
municipality,  and  this  was  in  connection  with  the  fire 
alarm.  It  was,  however,  true  in  several  cases  that  the 
rates  charged  for  lighting  public  buildings  and  for  public 
power  are  somewhat  lower  than  in  fairness  to  the  other 
consumers  they  should  be.  But  the  writer  was  gratified 
to  find  that  in  at  least  seven  cases  the  public  plants  are 
now  charging  to  the  municipality  at  a  fixed  rate  per  lamp 
or  per  kilowatt  hour  the  cost  of  street  Ughting;  and  all  of 
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the  managers  expressed  themselves  as  favoring  this  pol- 
icy. In  all  cases,  current  which  is  charged  against  the 
public  authorities  is  regularly  billed  and  paid  for.  ^ 

In  two  or  three  cases  the  city  water  used  was  not  paid 
for  at  all,  and  in  a  few  others  it  was  secured  at  a  special 
low  rate.  Telephone  and  transportation  service  appeared 
to  be  always  properly  charged  up  to  the  department, 
though  the  matter  remains  doubtful  in  some  instances 
where  the  office  is  located  in  the  town  hall.  Only  one  plant 
pays  a  part  of  the  salary  of  the  town  or  city  treasurer, 
though  all  must  utilize  this  department  to  a  greater  or 
less  extent.  Two  plants  report  that  the  services  of  the 
solicitor  are  paid  for  if  needed.  Most  managers,  however, 
affirm  that  if  they  must  have  legal  assistance  they  prefer 
to  put  their  case  in  the  hands  of  a  real  lawyer  rather  than 
to  take  a  chance  on  the  city  solicitor,  who  is  often  a  man 
of  little  experience  or  ability. 

Half  of  the  plants  of  this  group  occupy  offices  in  the 
town  hall  for  which  they  pay  no  rent,  while  in  one  or  two 
other  cases  a  portion  of  the  operating  expenses  of  the  hall 
is  shared  by  the  electric  light  department.  Four  or  five 
report  the  use  of  public  land  rent  free.  When  the  help  of 
employees  of  other  municipal  departments  is  used,  the 
usual  rates  of  wages  are  paid  according  to  the  statement 
of  the  managers.  In  two  or  three  cases  the  town,  under 
a  blanket  policy,  pays  the  premiums  on  all  or  practically 
all  of  the  insurance  carried  by  the  plant.  In  one  town 
the  salaries  of  the  municipal  light  board  ^  are  paid  by  the 
municipality,  and  in  the  thirteen  instances  in  which  the 
accounts  are  audited  by  the  public  auditor,  the  town  and 
not  the  lighting  department  bears  the  expense.  The  po- 
lice and  fire-alarm  service  is  in  practically  every  instance 
at  present  operated  as  a  separate  undertaking. 

The  total  amount  of  free  service  rendered  by  the  mu- 
nicipal plants,  if  street  lighting  be  excepted,  appeared  to 
*  Under  the  name  of  the  "Commissioners  of  Public  Works." 
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amount  to  little  more  than  $500  annually,  and  probably 
an  equal  amount  is  given  in  various  ways  by  the  com- 
panies to  the  municipalities  in  which  they  are  located. 
If  Holyoke  be  excluded,  the  free  service  received  would 
probably  amount  to  somewhat  more  than  $5,000  for  the 
seventeen  plants,  or,  including  the  cost  of  auditing,  which 
it  is  rather  difficult  to  estimate,  from  $7,000  to  $8,000.  In 
addition,  if  the  salary  of  the  town  and  city  treasurers  could 
be  fairly  apportioned  to  the  lighting  departments  accord- 
ing to  the  services  which  they  perform,  —  the  work  of 
well-paid  officers  in  all  private  plants,  —  we  would  have 
to  add  at  least  a  few  thousand  dollars  more  to  this  esti- 
mate.^ (The  case  of  Holyoke  is  somewhat  different  from 
that  of  the  other  plants,  because  the  extensive  offices  used, 
covering  an  entire  floor  of  the  large  city  hall,  were  fitted 
up  at  the  expense  of  the  lighting  department.  The  mana- 
ger accordingly  maintains  that  the  reasonable  allowance 
for  this  free  service  would  be  simply  the  interest  on  the 
investment  made  by  the  plant,  or  about  $1,000.  The 
writer  views  the  case  somewhat  differently,  however,  and 
feels  that  a  reasonable  allowance  should  also  be  made  for 
the  quarters  themselves,  even  though  they  were  unsatis- 
factory before  the  department  had  expended  money  on 
them.  In  view  of  all  the  circumstances,  $4,000  would  seem 
to  be  a  fair  estimate.) 

When  the  municipal  plant  is  operated  in  connection 
with  a  water-supply  system,  an  attempt  seems  to  be  made 
to  keep  the  operating  accounts  fairly  divided,  except  that 
the  water  used  is  rarely  paid  for.  So  far  as  the  capital  ac- 
count is  concerned,  the  theory  usually  held  is  that,  pro- 
vided the  building  was  already  erected  for  the  use  of  the 
water  department,  none  of  its  cost  should  be  charged  up 

*  This,  of  course,  does  not  include  the  taxes  foregone  by  the  commun- 
ity, and  no  allowance  is  made  for  the  assessment  of  a  portion  of  the  sal- 
ary and  expenses  of  the  Board  of  Gas  and  Electric  Light  Commissioners 
as  first  provided  for  in  sections  3  and  4  of  chapter  2D5  of  the  General  Acts 
(1917). 
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to  the  lighting  department.    No  companies  were  being 
operated  under  these  conditions. 

In  only  two  or  three  cases  in  each  group  does  there 
appear  to  have  been  any  conspicuous  waste  or  extravagance 
in  operation.  Nor  do  the  instances  of  extravagance  or 
carelessness  in  investment  seem  to  have  been  more  numer- 
ous, though  it  must  be  admitted,  after  examination,  that 
at  least  two  municipalities  obviously  paid  too  much  for 
the  property  which  they  were  compelled  by  law  to  take 
over  from  private  concerns.  On  the  other  hand,  nearly 
half  of  the  municipal  plants  were  candid  enough  to  admit 
that  their  financial  policy,  for  reasons  more  or  less  beyond 
their  control,  had  probably  been  too  conservative  for 
their  own  good  and  for  the  best  interests  of  the  public. 
Most  of  the  companies  seemed  to  feel  that  they  had  been 
sufficiently  liberal  in  this  regard. 

The  private  plants  in  the  main  assert  that  their  con- 
struction accounts  are  reasonably  correct,  though  the 
writer  is  pretty  certain  that  in  a  few  cases  they  are  surely 
too  high.  Nearly  half  of  the  public  plants,  however,  ad- 
mitted that  their  accounts  are  probably  too  low,  inas- 
much as  many  renewals  in  the  nature  of  improvements 
are  charged  up  to  operation,  when  logically  a  part  should 
be  charged  to  the  capital  account,  as  would  be  done  in  the 
case  of  most  companies.  Some  even  stated  that  they  fol- 
low the  practice  of  including  the  cost  of  the  smaller  ex- 
tensions in  the  maintenance  expenses,  in  order  to  keep 
the  apparent  investment  as  low  as  possible.  Further, 
many  of  the  expenses  of  labor  and  superintendence  during 
construction  and  extensions  have  at  one  time  and  an- 
other been  met  out  of  operation  cash.  Finally,  additions 
from  depreciation  fund  or  from  income  have  frequently 
not  been  properly  accounted  for. 

Upon  the  whole,  the  aim  of  the  managers  of  municipal 
plants  seems  to  be  to  keep  the  investment  account  as  low 
as  possible  because  of  the  psychological  effect  which  this 
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apparent  economy  has  upon  the  citizens.  Many  a  one 
has  stated  to  the  writer  that  he  is  not  free  to  use  his  own 
judgment  in  the  matter,  as  the  public  will  not  stand  for 
it  —  a  fact  which  also  explains  the  failure,  in  many  in- 
stances, to  replace  antiquated  equipment,  or,  on  the  other 
hand,  the  purchase  of  second-rate  equipment.  In  accord- 
ance with  the  requirements  of  the  State  law,  the  ac- 
counts are  kept  in  such  a  way  that  the  most  intelligent 
taxpayer  scarcely  knows  whether  the  plant  is  making  or 
losing  money  in  operation  from  year  to  year.  Under  these 
circumstances,  it  is  comparatively  easy  for  a  manager  to 
secure  a  sufficiently  large  annual  appropriation  to  cover 
the  cost  of  "street  lighting,"  which  may  also  cover  an 
inexcusably  large  operating  deficit.  There  is  more  than 
one  road  to  Rome!  It  is  much  more  difficult,  however,  to 
persuade  the  people  in  a  town  meeting  that  it  is  necessary 
to  issue  more  bonds  or  notes,  for  that  is  something  tan- 
gible and  understandable,  and  such  funded  debt  saddles 
the  municipality  with  a  constant  and  definite  outlay  for 
interest  and  maturing  principal. 

In  the  matter  of  depreciation  all  of  the  municipal  plants 
but  two  go  through  the  formality  of  having  a  real  fund  as 
the  law  requires,  usually  investing  it  annually  in  the  plant 
for  renewals  and  improvements  or  extensions.  The  com- 
panies, however,  are,  as  suggested  in  another  connection, 
very  irregular  in  this  regard,  most  admitting  that  depre- 
ciation to  the  extent  of  at  least  5  per  cent  annually  should 
be  carefully  taken  care  of,  but  maintaining  that  the  de- 
vice of  a  depreciation  fund  is  somewhat  of  an  anomaly. 
The  usual  policy  is  to  write  off  the  books  at  indefinite 
intervals  when  the  earnings  have  been  unusually  good, 
and  to  endeavor  to  keep  the  plant  in  first-class  operat- 
ing condition,  without  following  any  definite  theory.  In 
view  of  the  present  trend  of  regulation  of  public  utility 
rates,  they  are,  from  a  private  point  of  view,  probably  jus- 
tified in  keeping  the  capital  account  as  large  as  possible. 
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A  publicly  owned  plant  occupies  a  somewhat  unique 
position  in  this  respect.  Naturally,  a  company  may  cease 
to  generate  current  and  even  let  its  equipment  run  down 
without  impairing  in  any  direct  way  the  interests  of  the 
stockholders,  even  though  the  tangible  assets  become  of 
small  value,  'provided  the  earnings  continue  to  he  at  the 
same  old  level;  for  the  market  value  of  the  stock  is  for  the 
most  part  merely  an  index  of  the  rate  of  dividends  paid.  A 
municipal  plant,  on  the  other  hand,  which  has  suffered  its 
equipment  to  deteriorate  or  has  abandoned  its  generating 
station,  may,  if  it  has  not  built  up  a  large  reserve,  —  in- 
vested in  the  plant,  if  you  will,  —  be  left  with  a  large  debt 
on  its  hands  which  will  be  a  burden  to  the  taxpayers  or 
consumers  long  after  the  tangible  property  and  the  equity 
in  the  plant  are  destroyed.  To  be  sure,  the  rates  may  be 
made  high  enough  to  cover  all  of  the  fixed  charges  for 
principal  and  interest,  until  the  debt  is  wiped  out.  But  if 
this  is  done,  should  we  not  expect  the  municipal  plants 
in  the  future  to  be  compelled  to  charge  considerably  higher 
rates  than  the  companies,  which  do  not  have  such  heavy 
fixed  charges  to  carry,  and  which  can,  without  impairing 
their  own  earnings,  give  the  public  the  benefit  of  the  de- 
creased costs  resulting  from  extensive  hydro-electric  gen- 
eration? The  3  per  cent  rate  of  depreciation,  legally  re- 
quired to  be  written  off  in  the  case  of  municipal  plants,  is 
ridiculously  small  in  view  of  the  rapid  depreciation  from 
obsolescence  which  has  characterized  and  still  marks  the 
electric  light  and  power  business.  Would  it  not  have  been 
wiser  for  public  plants  to  provide  for  this  inevitable  de- 
preciation by  charging  somewhat  higher  rates  in  the  past, 
rather  than,  by  postponing  it,  to  keep  up  the  rates  in  the 
years  to  come  when  the  charges  logically  should  be  lower? 
But  the  people  at  a  given  time  would  hardly  stand  for  such 
a  far-sighted  policy,  and  the  next  generation  cannot  well 
dictate  what  shall  be  its  inheritance. 
^  As  nearly  as  can  be  estimated,  the  investment  in  equip- 
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ment  which  is  no  longer  needed  by  the  seven  municipal 
plants  which  now  purchase  their  current  would  amount 
to  between  $400,000  and  $500,000.  The  plants  themselves 
do  not  place  the  figure  so  high,  because  they  consider  that, 
so  long  as  they  still  make  use  of  the  original  station  to 
receive  and  distribute  their  purchased  current,  only  the 
machinery  itself  should  be  regarded  as  "not  in  use."  They 
further  maintain  that  if  the  equipment  is  being  kept  in 
readiness  for  emergency  generation  it  is  still  "in  use." 
However,  having  made  ample  allowance  for  the  sort  of 
stations  and  equipment  that  would  be  needed  had  cur- 
rent never  been  generated,  and  having  deducted  the  prob- 
able scrap  value,  the  writer  feels  that  his  estimate,  based 
upon  the  depreciated  plant  accounts,  is  a  very  fair  one. 
Were  the  actual  construction  accounts  used  as  a  basis  of 
calculation,  the  amount  would  be  considerably  higher. 
A  similar  method  of  estimating  would  put  the  investment 
in  dead  assets  of  the  three  companies  at  between  $300,000 
and  $400,000. 

The  accounts  kept  by  the  public  plants  are  as  a  rule 
much  simpler  than  those  of  the  centrally  controlled  com- 
panies. All  of  the  accounts  appear  to  be  audited,  at  in- 
tervals varying  from  one  month  to  a  year.  The  former 
are  in  most  cases  audited  by  the  public  accountant, 
though  in  five  instances  outside  parties  are  called  in  to  do 
the  work.  Their  usual  audit  is  frequently  of  a  superficial, 
perfunctory  sort.  The  books  of  the  companies,  when 
under  group  control,  are  examined  by  representatives  of 
the  central  office;  otherwise  certified  public  accountants 
usually  do  the  work. 

The  usual  precautions  against  financial  dishonesty  are 
the  audit  and  the  bonding  of  responsible  employees.  Five 
managers  of  public  generating  plants,  however,  and  six 
of  the  group  of  purchasing  plants  were  not  under  bond 
in  1915,  despite  the  requirements  of  the  law,'  and  in  many 
»  Mass.,  1914,  ch.  742,  sect.  113. 
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cases  the  amount  of  the  bond  is  low  in  comparison  with 
the  amount  of  money  handled.  There  is  also  frequently 
an  additional  check  by  means  of  the  fact  that  at  one  time 
or  another  practically  all  money  passes  through  the  hands 
of  the  town  or  city  treasurer.  Though  in  cases  where  the 
manager  is  a  member  of  the  municipal  light  board  or  one 
of  the  selectmen,  as  occasionally  happens,  it  might  be 
comparatively  easy  to  introduce  dishonest  practices,  the 
writer  has  no  reason  for  thinking  that  there  have  been 
any  serious  misappropriations  of  funds  in  either  group  of 
plants.  In  fact  the  conduct  and  regulation  of  the  business 
is  for  the  most  part  such  that  this  would  scarcely  be  pos- 
sible on  any  large  scale.  Whatever  dishonesty  there  may 
be  usually  comes  about  in  another  way,  which  will  pres- 
ently be  mentioned. 

SXJMMARY 

Some  of  the  important  findings  thus  far  gained  by  means 
of  the  local  survey,  may  be  briefly  stated  as  follows: 

1.  The  municipal  plants  very  frequently  complained 
of  inadequate  boiler  capacity. 

2.  There  was  a  conspicuous  absence  of  the  various  eco- 
nomic appliances  in  both  groups,  but  this  lack  was  more 
pronounced  in  the  public  plants. 

3.  The  generating  equipment  of  the  municipal  plants 
was  frequently  in  far  worse  condition  than  would  have 
been  expected;  in  numerous  instances  second-hand  appa- 
ratus had  been  originally  installed. 

4.  The  station  meters  appear  to  be  regularly  tested  by 
the  companies,  but  in  the  main  very  irregularly  tested 
by  the  other  group. 

5.  The  "housekeeping"  of  the  companies  was  usually 
better  than  that  of  the  municipal  plants. 

6.  The  stations  of  a  large  number  of  the  public  plants 
were  too  small,  badly  ventilated,  or  much  out  of  date. 
The  companies,  on  the  other  hand,  usually  presented  a 
satisfactory  condition  in  this  regard. 
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7.  While  most  of  the  private  plants  had,  in  1915,  made 
adequate  preparation  for  the  present  and  the  near  futm^e, 
most  of  the  municipal  plants  were  decidedly  unequal  to 
the  demands  which  might  reasonably  have  been  made 
upon  them. 

8.  The  investment  of  the  public  plants  would  have  been 
markedly  increased  had  not  a  large  number  (7  out  of  18) 
ceased  generating  current  between  1915  and  1917.  Many 
were  decidedly  "at  the  end  of  their  string"  in  a  physical 
way. 

9.  Many  of  the  remaining  municipal  plants  will  soon 
be  compelled  greatly  to  increase  their  station  investment 
unless  they  decide  to  purchase  their  current  for  the  future. 

10.  The  topographical  conditions  seem  to  be  decidedly 
favorable  to  the  public  plants. 

11.  The  companies  usually  appear  to  have  a  more  satis- 
factory hne  construction,  and  they  have  a  more  accurate 
record  of  the  length  of  their  lines,  their  poles,  etc. 

12.  In  the  matter  of  making  extensions  for  new  busi- 
ness, the  private  plants,  being  more  subject  to  adverse 
public  opinion  and  legal  pressure,  seem  to  be  more  liberal 
than  the  other  group. 

13.  Much  more  attention  is  given  to  the  sale  of  appli- 
ances of  all  kinds  by  the  companies. 

14.  There  appears  to  be  more  careful  attention  paid 
to  the  street  lighting  service  by  the  companies,  and  usu- 
ally a  more  expeditious  method  of  handling  customers' 
complaints. 

15.  There  have  been  more  numerous  voluntary  reduc- 
tions in  rates  by  the  companies  than  by  the  municipal 
plants. 

16.  While  practically  no  free  service  is  now  rendered  by 
the  public  plants  to  their  communities,  a  good  deal  of 
unpaid  service  of  various  kinds  is  still  furnished  by  the 
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municipalities  to  their  plants,  the  actual  value  of  which 
it  is  very  difficult  to  estimate. 

17.  The  financial  policy  of  the  municipal  plants,  accord- 
ing to  their  own  admission,  has  in  numerous  cases  been 
too  conservative. 

18.  A  large  proportion  of  the  public  plants  admit  that 
their  construction  accounts  are  too  low,  as  they  pur- 
posely follow  the  policy  of  keeping  them  down,  because 
of  the  effect  which  this  apparent  economy  has  upon  the 
citizens.  Often  capital  charges  have  been  included  in  the 
operating  accounts,  which  otherwise  have  usually  tended 
to  be  relatively  low. 

19.  There  is  probably  an  investment  of  about  $500,000 
in  the  "dead  assets"  of  municipal  plants  which  have 
ceased  to  generate  current.  This  fact  should  not  be  over- 
looked if  we  wish  to  know  the  real  financial  results  of 
public  ownership. 


CHAPTER  XII 

THE  LOCAL  BACKGROUND:    GENERATING  PLANTS 

{concluded) 

5.  The  Management 

From  the  very  nature  of  the  survey  the  questions  Usted 
under  this  head  refer  only  incidentally  to  the  manage- 
ment of  private  plants.  Hence,  unless  specifically  indi- 
cated otherwise,  the  discussion  will  apply  to  the  public 
plants. 

There  are  no  municipal  light  boards  in  the  cities,  with 
the  exception  of  Chicopee,  which  has  secured  one  through 
special  legislation.  In  Hull  the  selectmen  serve  as  a 
board,  and  in  Hudson  the  commissioners  of  pubhc  works. 
While  members  of  the  board  frequently  hold  other  public 
offices,  pohtics  do  not  seem  to  have  been  much  consid- 
ered in  their  election.  In  only  about  a  third  of  the  cases 
did  one  or  more  of  the  members  appear  to  have  what 
might  be  called  a  technical  knowledge  of  the  electric  light 
and  power  business.  The  remainder  are  for  the  most  part 
business  men.  In  some  instances  the  boards  take  a  very 
active  interest  in  the  department,  even  more  than  would 
seem  to  be  warranted;  but  for  the  most  part  the  manager 
is  left  in  practically  full  control.  The  law  is  not  altogether 
specific  as  to  how  the  division  of  responsibility  should  be 
made.^  In  three  cases  the  manager  is  also  a  member  of 
the  board  (1915). 

One  of  the  managers  (Holyoke)  is  under  the  civil  serv- 
ice, two  are  appointed  by  the  mayor,  and  the  remaining 
by  the  municipal  light  boards,  if  there  are  such.  The 
term  of  appointment  seems  actually  to  be  indefinite  in 

1  On  this  point  the  reader  is  referred  to  chapter  ii,  supra,  and  to  Mass., 
1914,  ch.  742,  sects.  112,  113. 
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about  half  the  cases;  in  six  or  seven  others  it  is  definitely 
only  one  year;  while  in  two  of  the  cities  the  manager  holds 
for  three  years.  With  few  exceptions  it  seems  to  be  the 
policy  to  retain  the  manager  for  a  considerable  length  of 
time.  The  period  of  service  for  the  present  managers 
varies  from  one  to  nearly  twenty  years;  while  the  aver- 
age length  of  service  of  all  is  from  eight  to  ten  years.  The 
basis  of  selection  appears  in  most  cases  to  be  general  fit- 
ness for  the  work,  rather  than  any  political  considerations. 
In  some  cases,  however,  particularly  in  the  past,  politics 
have  played  a  part,  leading  to  the  appointment  of  wholly 
incompetent  men,  and  in  one  or  two  instances  religious 
considerations  were  apparently  involved. 

It  is  interesting  to  note  the  technical  qualifications  of 
these  managers.  Two  in  the  smaller  plants  appear  to  have 
no  training  of  any  sort  which  would  fit  them  for  the  work, 
and  some  years  ago  such  cases  were  by  no  means  uncom- 
mon. Four  have  secured  all  of  their  training  in  the  plant 
itself,  having  worked  up  from  the  lowest  positions.  The 
remaining  two  thirds  began  their  career  in  the  service  of 
private  concerns,  usually  in  electric  light  and  power  plants 
in  the  State;  but  one  had  been  with  the  Commonwealth 
Edison  Company  of  Chicago,  and  two  or  three  with  the 
General  Electric  Company. 

The  writer  was  highly  gratified  to  find,  in  addition, 
that  five  ^  managers  of  municipal  plants  are  graduates  of 
the  Massachusetts  Institute  of  Technology,  one  of  the 
Engineering  Department  of  Tufts  College,  while  a  sev- 
enth had  completed  most  of  the  work  for  a  degree  in 
engineering  at  McGill  University.  Still  another  has  had 
about  two  years  of  college  work  along  other  lines.  Most 
of  the  remaining  have  had  high-school  educations,  and  a 
few  have  endeavored  in  addition  to  improve  themselves 
along  technical  lines  by  means  of  correspondence  courses. 
In  the  group  of  companies,  on  the  other  hand,  only  two 

'  Including  one  manager  of  a  plant  which  purchases  current. 
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or  three  local  managers  or  superintendents  were  found 
who  are  technical  graduates,  though  all  have  evidently 
had  a  reasonably  satisfactory  general  education  and  are 
first-class  practical  men,  having  spent  most  of  their  lives 
in  the  business.  These  facts  would  seem  to  indicate  that 
the  position  of  manager  of  municipal  electric  lighting  is 
not  unattractive  to  men  of  some  education,  and  that, 
contrary  to  the  common  assertion,  the  larger  municipal 
plants  probably  now  have  fully  as  intelligent  management 
as  have  the  private  plants,  except  in  so  far  as  the  latter 
may  gain  by  central  control. 

Only  six  out  of  eighteen  municipal  managers  are  mem- 
bers of  one  or  more  tecluiical  societies,  such  as  the  Ameri- 
can Institute  of  Electrical  Engineers,  while  eight  out  of  ten 
managers  or  superintendents  of  companies  have  such  affilia- 
tions. The  reasons  for  the  poor  showing  made  by  the  for- 
mer in  this  regard  are  numerous.  In  the  first  place,  they 
are  not  allowed  by  the  by-laws  of  the  organization  to  be- 
come members  of  the  National  Electric  Light  Associa- 
tion, though  the  New  England  Section  is  well  disposed 
toward  them  and  invites  them  regularly  to  its  meetings 
- —  a  courtesy  of  which  a  few  avail  themselves.  Again, 
many  feel  that  their  salaries  are  not  sufficient  to  justify 
their  incurring  the  expense  of  dues  and  annual  meetings 
of  such  societies,  for  while  companies  commonly  them- 
selves bear  this  charge,  municipalities  follow  no  such 
practice.  In  the  third  place,  most  of  them  feel  that  there 
is  a  decided  antagonism  on  the  part  of  the  citizens  against 
any  affiliations  with  interests  which  are  naturally  op- 
posed to  the  principle  of  public  ownership.  Many,  also, 
find  that  the  public  do  not  look  with  approval  upon  their 
being  absent  for  a  short  time  in  order  to  attend  such  meet- 
ings —  the  feeling  being  that  they  are  merely  away 
"having  a  good  time"  instead  of  attending  to  business. 
And,  finally,  some  of  the  managers,  very  conscientious 
in  the  performance  of  their  duties  and  feeling  their  re- 
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sponsibilities  keenly,  do  not  consider  that  they  should 
spare  the  time  or  run  the  risk  of  having  some  accident 
happen  during  their  absence.  Hence,  it  is  not  surprising 
that  so  few  belong  to  scientific  societies.  There  is,  how- 
ever, a  State  Association  of  Managers  of  Municipal  Light- 
ing, which  has  one  or  two  informal  outings  each  year  at 
which  views  can  be  interchanged,  and  where,  the  writer 
is  pleased  to  state,  much  real  good  cheer  is  in  evidence. 

As  to  the  political  activities  of  the  managers  of  public 
plants  the  writer  is  not  in  a  position  to  speak  with  abso- 
lute proof  as  to  the  conditions  in  the  past.  It  appears, 
however,  that  there  is  less  undesirable  manifestation  of 
this  sort  now  than  formerly,  though  in  two  cases  recently 
the  manager  has  beyond  a  doubt  dabbled  in  the  game, 
and  in  three  or  four  others  there  is  ground  for  suspicion. 
More  than  half  of  them  state  definitely  that  they  have 
not  been  interfered  with  for  political  reasons.  Three  admit 
that  politics  at  present  make  the  work  very  unpleasant; 
while  three  others  aflSrm  that  they  were  formerly  thus 
troubled.  The  nature  of  this  interference  would  be  rather 
hard  to  define.  In  some  cases  it  takes  the  form  of  an  at- 
tempt at  favoritism,  and  in  others  it  is  marked  by  an  effort, 
for  ulterior  motives,  to  Umit  the  manager  in  the  use  of 
his  judgment  as  to  the  proper  operating  or  financial 
policy.  Frequently,  also,  he  is  hampered  more  by  the 
ignorance  of  the  citizens  regarding  technical  matters, 
than  by  any  sinister  political  manipulation.  Managers  of 
private  plants  have  their  difficulties  as  well,  though  usu- 
ally of  a  different  sort.  The  chief  weapons  to  be  used 
against  a  company  are  complaints  about  price  or  quality 
of  service. 

Three  or  four  cases  were  found  in  which  the  municipal 
manager  does  not  give  all  of  his  time  to  the  work,  and  in 
a  number  of  cases  he  also  performs  the  duty  of  inspector 
of  wires,  thus  somewhat  increasing  his  salary.  It  seems 
rather  anomalous,  however,  for  him  to  hold  this  posi- 
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tion.  In  several  cases  he  also  has  charge  of  the  water  sys- 
tem, for  which  he  receives  additional  compensation. 

The  salary  of  two  or  three  of  the  mmiicipal  managers 
is  ridiculously  low,  while  in  one  or  two  other  cases  it  ap- 
pears to  be  disproportionately  high.^  Upon  the  whole, 
however,  the  writer  does  not  feel  that  at  present,  a  num- 
ber of  increases  having  been  made  since  1915,  the  salaries 
are  unreasonably  low,  considering  the  qualifications  and 
abilities  of  the  men  and  the  work  which  they  are  expected 
to  do.  No  attempt  was  made  to  secure  definite  figures 
regarding  the  salaries  paid  by  all  of  the  companies,  though 
they  seem  to  run  slightly  higher  than  in  the  municipal 
plants.  But  it  must  be  remembefed  in  this  connection 
that  the  local  manager  of  a  company,  particularly  of  one 
which  is  centrally  controlled,  is  relieved  of  many  of  the 
annoying  responsibilities  which  are  imposed  upon  a  mana- 
ger of  municipal  lighting,  nor  does  he  need  to  be  so  sensi- 
tive to  the  popular  will. 

Ten  managers  state  that  they  are  given  practically  full 
authority  (as  previously  indicated),  while  the  others  to 
a  greater  or  less  degree  are  controlled  by  the  mayor  or 
by  the  municipal  light  board.  With  a  few  exceptions  an 
honest  attempt  seems  to  have  been  made  to  use  wisely 
the  authority  granted.  Materials  are  for  the  most  part 
purchased  directly  by  the  manager,  though  it  is  not  un- 
common for  the  board's  approval  to  be  required  for  ex- 
penditures above  a  certain  amount  —  usually  five  hundred 
dollars.  For  the  large  purchases  the  practice  of  securing 
competitive  bids  is  usually  followed.  Local  dealers  do 
not  seem  to  be  favored  ordinarily  unless  the  difference  in 
price  is  slight  or  the  deliveries  much  more  prompt.  In 
most  cases,  however,  the  question  does  not  arise.  Many 
managers  complain  that  they  are  prevented  from  secur- 

^  Cf.  Mass.,  1914,  ch.  742,  sect.  113.  The  amount  of  compensation, 
as  well  as  the  term  of  office,  is  to  be  6xed  by  the  city  council  or  by  the 
selectmen  or  municipal  light  board  or  similar  body. 
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ing  material  when  it  might  be  bought  to  best  advantage, 
because  of  the  fact  that  the  appropriations  do  not  come 
at  the  right  time  and  there  is  no  surplus  fund  to  draw  upon. 

For  the  companies  which  are  centrally  controlled,  as 
well  as  for  some  of  the  remaining,  material  is  bought  by 
a  purchasing  agent,  who  is  usually  given  wide  discretion. 
They  also  customarily  place  their  contracts  through  com- 
petitive bidding.  Some  years  ago,  however,  it  was  com- 
mon for  a  number  of  companies  on  the  list  to  purchase 
material  from  a  supply  company,  which  was  owned  by 
those  having  the  chief  interest  in  the  lighting  plant.  This 
practice  seems  now  to  have  been  effectively  frowned  down 
by  the  Board  of  Gas  and  Electric  Light  Commissioners. 

To  some  it  may  seem  extremely  futile  for  one  in  the 
position  of  the  writer  to  ask  a  manager  whether  any  one 
has  ever  tried  to  corrupt  him,  or  in  Heu  of  that  to  en- 
deavor to  discover  the  fault  from  other  dependable  sources. 
There  are,  however,  more  ways  than  one  of  finding  out 
pretty  accurately  whether  one  holding  a  responsible  posi- 
tion is  gifted  with  an  itching  palm,  though  it  is  practi- 
cally impossible  to  prove  a  case  of  this  sort. 

At  any  rate,  about  half  of  the  municipal  managers 
either  admitted  that  some  time  diu-ing  their  tenure  they 
had  been  offered  graft  of  one  sort  or  another,  or  they  sug- 
gested that  they  knew  of  managers  who  had  been  dis- 
honest. Naturally  no  one  could  be  expected  to  incrimi- 
nate himself  and  the  practice  is  surely  not  so  common  as 
it  used  to  be.  Yet  one  man  stated  that  he  received  the 
"usual  discounts"  when  purchasing  certain  material. 
Another  volunteered  that,  in  making  a  sale  of  a  lot  of  wire 
which  had  been  scrapped,  he  had  been  offered  one  thousand 
dollars  if  he  would  permit  the  purchaser  to  do  the  weigh- 
ing. Others  have  spoken  of  the  offer  of  certain  percentages 
on  the  cost  of  installation  of  some  particular  type  of 
machinery  —  though  it  is  practically  certain  that  none  of 
the  standard  concerns  would  use  such  tactics. 
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The  commonest  method  of  approach,  however,  is  the 
offer  of  a  "rake-off"  on  coal  pm-chased,  which  usually 
amounts  to  billing  a  certain  grade  and  substituting  an 
inferior  grade.  Several  managers  stated  that  they  had 
been  offered  such  inducements,  and  that  they  well  knew 
cases  in  which  the  graft  had  been  accepted.  The  most 
patent  case  of  dishonesty  brought  to  the  writer's  atten- 
tion was  that  practiced  by  a  manager  who  was  also  inter- 
ested in  a  coal  yard.  He  is  said  to  have  been  able  to  re- 
tire with  a  considerable  fortune  after  a  few  years.  In  one 
case,  also,  and  that  a  very  important  one,  as  nearly  as  can 
be  ascertained  without  having  been  a  party  to  the  trans- 
action, it  has  been  customary  for  the  manager  to  pay 
roundly  in  order  to  secure  his  position,  which  carries  an 
absm-dly  low  salary,  and  then  to  piece  out  his  stipend  and 
earn  back  his  purchase  money  by  the  usual  graft.  It  is 
said  that  an  honest  dealer  had  no  opportunity  to  sell  his 
goods  to  this  plant,  and  the  present  unsatisfactory  con- 
dition of  comparatively  new  equipment,  as  well  as  the 
formerly  excessively  high  operating  expenses,  appear  to 
bear  witness  to  the  truth  of  the  charges  which  have  been 
made  by  numerous  creditable  persons  who  were  in  a  posi- 
tion to  know.  The  condition  of  affairs  in  this  particular 
place  was  and  is  practically  an  open  secret.  Here  the 
lighting  plant  has  almost  always  been  regarded  as  the 
football  of  the  municipal  government.  Conditions  are  still 
unspeakably  rotten,  though  little  if  any  of  the  blame  at 
present  rests  upon  the  manager. 

So  far  as  concerns  the  municipal  light  boards  or  other 
municipal  authorities  which  ultimately  control  the  light- 
ing situation,  the  writer  knows  that  in  several  cases  their 
integrity  has  been  by  no  means  unimpeachable.  In  one 
instance  a  board  is  said  on  good  authority  to  have  re- 
fused to  install  a  certain  excellent  piece  of  equipment  be- 
cause the  dealer  would  not  give  the  bribe  which  they 
rather  naively  asserted  they  were  in  the  habit  of  receiving. 
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In  another  case  some  members  of  a  board,  who  were  secur- 
ing bids  for  an  important  piece  of  extension,  won  heavily 
at  poker  one  night  from  one  of  the  agents  who  was  eager 
to  put  through  a  deal  for  his  house.  As  might  be  sup- 
posed, that  sealed  the  contract;  but  as  a  sequel  it  should 
be  stated  that  the  work  when  completed  was  far  from 
satisfactory  to  the  pubUc. 

Other  cases  of  crookedness  might  be  mentioned.  Yet 
it  is  needless  to  multiply  these  examples,  for  probably 
most  of  them  could  be  duplicated  under  private  manage- 
ment if  the  proper  channels  of  information  were  sounded. 
As  a  general  proposition,  however,  it  would  seem  that, 
excepting  Holyoke  and  one  or  two  other  cases,  the  larger 
the  municipality  which  has  a  plant  of  its  own,  the  greater 
are  the  opportunities  for  dishonesty  and  the  more  fre- 
quently is  it  practiced.  The  town,  with  its  old-fashioned 
methods  and  meetings,  is  evidently  much  freer  from  graft 
than  the  city. 

Something  more  should  be  said,  in  conclusion,  regard- 
ing the  municipal  managers.  The  writer  was,  in  most 
cases,  struck  by  the  earnestness  and  conscientiousness 
with  which  they  now  perform  their  duties,  some  never 
giving  themselves  even  a  brief  vacation.  In  most  cases 
they  seem  to  feel  a  sort  of  proprietorship  in  their  plants, 
and  they  accordingly  exert  themselves  to  the  utmost  to 
make  as  good  a  showing  as  possible.  To  do  this  they  must 
famiharize  themselves  with  all  aspects  of  the  work,  and 
must  themselves  often  perform  service  which  under  pri- 
vate ownership  would  ordinarily  be  done  by  specialists. 

With  few  exceptions,  however,  they  feel  that  their  posi- 
tion is  an  almost  intolerably  difficult  one.  On  the  one 
hand  they  have  the  public  to  satisfy  —  a  public  which 
believes  that  the  manager  is  its  property,  which  demands 
twenty-four  hours  of  cheerful  service  each  day,  which  all 
too  readily  criticizes  the  management  if  things  go  wrong 
and  complacently  accepts  the  credit  for  any  success  that 
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may  be  attained.  On  the  other  hand  they  have  their 
ideals  of  the  correct  poHcy  which  should  be  followed  for 
the  present  as  well  as  for  the  future.  In  too  many  in- 
stances they  are  absolutely  prevented  from  doing  what 
they  know  should  be  done,  either  by  the  lighting  board 
or  the  municipal  government  or  by  the  adverse  vote  of  a 
town  meeting.  They  suffer  most  because  of  the  ignorance 
of  those  who  strive  to  dnect  their  policy,  i.e.,  the  people, 
whose  knowledge  of  the  business,  even  among  the  more 
intelligent,  rarely  goes  so  far  as  the  ability  to  read  their 
own  meters  and  to  remember  the  price  which  they  pay 
per  kilowatt  hour.  They  frequently  grow  discouraged 
and  say,  "What's  the  use?"  —  but  still,  with  almost  no 
exceptions,  they  keep  everlastingly  at  it,  making  the  best 
of  bad  circumstances  and  hoping  for  a  better  future. 

By  these  words  of  appreciation  the  writer  means  to 
make  no  invidious  comparisons  with  the  managers  of  pri- 
vate plants.  But  he  does  wish  to  assert,  and  assert  strongly, 
that,  in  spite  of  the  mistakes  of  the  past,  the  municipal 
managers  as  a  class  are  at  present  striving  for  the  same 
ends  that  are  sought  for  in  private  business,  and  that  if 
these  ends  are  not  attained,  it  is,  with  few  exceptions,  be- 
cause of  the  inhibitions  almost  unavoidably  set  up  by 
municipal  ownership,  rather  than  because  they  them- 
selves are  incompetent  to  perform  the  tasks  which  they 
have  undertaken. 

If  this  be  the  case,  the  reader  may  well  ask  why  the 
managers  remain  in  such  an  unsatisfactory  position.  Why 
do  they  not  seek  employment  elsewhere?  To  this  question 
the  writer  would  reply  that,  in  the  first  place,  there  is  a 
certain  satisfaction  in  wielding  such  outwardly  full  author- 
ity as  is  usually  granted  to  the  manager,  and  there  is  also 
a  certain  degree  of  prestige  connected  with  the  position. 
These  facts  have  induced  a  number  of  reasonably  good 
men  to  enter  the  municipal  service  because  they  grew 
tired  of  holding  a  more  subordinate  position  under  pri- 
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vate  employ.  Then,  once  having  gotten  into  public  serv- 
ice of  this  kind,  it  seems  to  be  very  difficult  to  go  back 
into  a  private  position.  The  managers  themselves  have 
constantly  stated  that  a  prejudice  exists  against  them, 
and  the  writer  has  ascertained  the  truth  of  this  claim  by 
discussing  the  matter  with  many  responsible  men  who  are 
engaged  in  private  business.  They  maintain  that  one  who 
has  grown  accustomed  to  the  public  way  of  doing  things, 
is  as  a  result  largely  unfitted  for  usefulness  in  corporation 
work,  in  which  the  methods  and  the  point  of  view  have 
ordinarily  been  so  very  different. 

Perhaps  this  prejudice  is  ungrounded,  though  the 
writer  knows  of  only  one  or  two  cases  in  the  State  in  which 
a  man  has  stepped  from  the  managership  of  a  municipal 
plant  to  the  employ  of  an  electric  company.  Yet  many 
managers  with  whom  the  matter  has  been  discussed  in 
confidence,  have  said  that  they  are  merely  waiting  to  find 
a  favorable  opening  in  some  private  enterprise,  and  prac- 
tically all  say  without  hesitation  that  they  would  prefer 
to  work  for  private  interests.  Their  general  feeling  may 
be  aptly  summed  up  by  saying,  "It  is  hard  to  serve  many 
masters." 

6.  The  Employees 

As  was  suggested  in  an  earlier  chapter,  there  is  no  uni- 
formity followed  in  the  method  of  returning  the  average 
number  of  laborers  employed.  Some  give  only  the  number 
regularly  employed,  while  others  list  all  who  are  employed, 
even  though  for  only  a  portion  of  the  year.  In  practically 
all  instances  the  manager  is  supposed  to  hire  the  employ- 
ees, though  in  one  or  two  cases  in  each  group  the  matter 
is  left  to  the  superintendents  or  foremen,  who  are  sub- 
ordinate to  the  manager.  In  the  four  cities  having  public 
plants,  all  except  the  laborers  are  under  the  civil  service.^ 
There  seems  to  be  no  particular  discrimination  against 
»  Cf.  Mass.  R.L.,  ch.  19,  sect.  36,  and  Mass.,  1902,  ch.  544,  sect.  13. 
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foreigners,  though  practically  all  of  the  companies  em- 
ploy them  and  scarcely  half  of  the  municipal  plants  do  so.^ 
In  about  two  thirds  of  the  municipalities  in  this  group  it 
does  not  appear,  recently  at  any  rate,  that  political  con- 
siderations have  influenced  the  appointment  of  employees. 
In  four  or  five  cases  it  is  certain,  however,  that  politics 
have  played  a  more  or  less  important  part,  while  in  one 
or  two  cases  religious  considerations  have  had  some  in- 
fluence. In  an  equal  number  of  instances,  naturally,  the 
employees  have  dabbled  somewhat  too  freely  in  politics. 
Here,  again,  the  larger  plants  have  been  troubled  most. 

Six  employees  of  municipal  plants  were  found,  in  addi- 
tion to  the  managers,  who  have  had  what  might  be  called 
a  technical  training,  more  or  less  complete.  These,  how- 
ever, were  confined  to  only  two  of  the  larger  plants.  About 
the  same  number  of  technically  trained  men  were  found 
in  the  private  plants  visited.  Seven  of  the  former  group 
of  employees,  representing  three  different  plants,  are 
members  of  some  State  or  National  technical  organization, 
while  from  twenty  to  twenty-five  were  found  in  the  ten 
companies  visited. 

The  eight-hour  day  is  supposed  to  be  in  force  in  all  of 
this  group  of  public  plants.  In  the  companies,  also,  the 
majority  are  on  the  eight-hour  shift,  though  two  still 
have  the  nine-hour  day,  one,  the  ten-hour,  and  in  two 
cases  there  is  a  twelve-hour  shift  for  certain  employees. 
There  seems  to  be  no  noticeable  difference  in  the  rate  of 
wages  paid  by  the  two  groups.  A  few  of  the  companies 
pay  lower  than  the  usual  rate,  and  a  few  pay  higher,  while 
the  municipal  plants  seem  to  adhere  closely  to  the  stand- 
ard schedule.  It  must  also  be  remembered  that  the  pri- 
vate station  employees  have  a  far  pleasanter  place  in 
which  to  work  than  have  the  corresponding  public  em- 

^  This  is  as  would  be  expected  as  a  result  of  the  laws  requiring  prefer- 
ence to  be  given  to  citizens  of  the  Commonwealth.  Cf.  Mass.,  1914,  ch. 
600,  sect.  1. 


336  MUNICIPAL  ELECTRIC  LIGHTING 

ployees.  It  is  scarcely  worth  while  to  discuss  the  average 
rate  of  wages  paid,  beyond  what  has  already  been  said 
in  a  preceding  chapter,  for  during  these  abnormal  times 
wages  are  being  rapidly  though  irregularly  increased  by 
both  groups.  The  usual  rate  paid  for  overtime  work  is 
time  and  a  half,  though  in  both  cases  there  are  plants 
which  make  no  extra  allowance,  and  one  or  two  seem  to 
pay  nothing  at  all.^ 

According  to  the  statements  of  the  managers  of  munic- 
ipal Hghting,  the  services  of  employees  of  other  municipal 
departments,  such  as  the  highway  or  water  department, 
are  utilized  in  only  four  or  five  cases,  and  then  rarely. 
It  is  customary  to  pay  for  such  labor  at  the  usual  rate. 

For  the  most  part  the  employees  appear  to  be  retained 
in  both  groups  as  long  as  they  care  to  stay,  provided,  of 
course,  that  they  do  satisfactory  work.  As  might  be  sup- 
posed, however,  the  firemen  and  common  laborers  are 
usually  a  rapidly  changing  lot.  The  power  of  discharge 
rests  in  practically  all  cases  with  the  manager,  though  in 
two  instances  in  municipal  plants  the  authority  is  lodged 
in  the  hands  of  the  superintendents  or  foremen.  There  is 
frequently  an  appeal  from  the  decision  of  the  manager  to 
the  municipal  light  board  or  the  municipal  government. 
There  seems  to  be  no  appeal  from  the  decision  of  a  com- 
pany's manager  or  superintendent.  The  ground  for  dis- 
charge commonly  given  is  incompetency.  In  scattering 
instances,  however,  other  reasons  were  stated  as  follows: 
"Neghgence,"  "drunkenness,"  "sleeping  on  watch,"  "in- 
subordination," "  agitation  for  higher  wages  "  (sic),  and 
"  politics." 

1  The  writer  is  not  certain  that  the  plants  in  municipalities  which 
have  adopted  the  eight-hour  day  always  adhere  to  the  law.  He  knows 
of  one  instance  in  which  the  chief  engineer,  who  has  been  with  the  plant 
almost  from  its  beginning,  has  worked  a  total  of  two  years'  overtime 
within  the  last  five  years,  but  has  never  received  one  cent  therefor.  The 
law,  with  its  penalties,  may  also  be  a  dead  letter  in  other  cases.  Cf .  Mass., 
1911,  ch.  494,  sects.  1  and  3, 
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In  the  majority  of  cases  in  both  groups  a  two  weeks' 
annual  vacation  is  allowed  with  pay,  as  well  as  the  cus- 
tomary holidays.  Saturday  half-holidays  are  more  com- 
mon among  the  public  plants;  but,  on  the  other  hand, 
two  or  three  of  these  allow  no  regular  vacations  of  any 
kind.  Upon  the  whole,  there  seems  to  be  httle  to  choose 
between  the  two  groups  in  this  regard. 

In  the  matter  of  sick  leave  with  pay  all  of  the  com- 
panies appear  to  follow  a  liberal  policy,  laying  down  no 
specific  rules,  but  providing  particularly  for  their  old  em- 
ployees, at  the  discretion  of  the  manager  or  of  the  direc- 
tors. Several  cases  were  brought  to  the  writer's  attention 
in  which  faithful  employees,  unable  to  do  their  custom- 
ary work,  were  kept  on  the  pay-roll  for  a  year  or  even 
longer.  The  fact  that  the  returns  made  to  the  State  Board 
do  not  disclose  individual  wages  makes  it  possible  to  fol- 
low this  practice  without  incurring  the  criticism  which 
might  otherwise  arise,  for  there  are  always  people  who 
are  suspicious  and  who  would  fear  that  wages  paid  to  an 
employee,  supposedly  unable  to  work,  might  be  a  mere 
padding  of  the  pay-roll  for  private  purposes. 

The  municipal  plants,  on  the  contrary,  are  much  less 
human  in  this  regard.  Three  or  four  state  definitely  that 
they  allow  no  sick  leave  with  pay,  five  give  two  weeks, 
one  a  month,  while  the  remainder  follow  no  fixed  policy, 
but  leave  the  matter  largely  to  the  discretion  of  the  mana- 
ger, who  is  constantly  under  pressure  to  effect  economies.^ 
Without  discussing  at  length  the  outcome  of  this  policy, 
the  following  reasons,  suggested  by  the  managers  them- 

^  The  writer  knows  personally  of  one  of  these  cases,  "left  to  the  dis- 
cretion of  the  manager,"  in  which  an  unusually  faithful  employee,  who 
had  served  for  about  twenty-five  years,  having  contracted  a  serious  ill- 
ness, which  compelled  him  to  lose  three  months'  time,  received  not  a 
cent  of  pay  for  the  period  of  his  sickness.  This,  to  be  sure,  is  an  extreme 
case;  but  for  personal  or  political  reasons,  it  is  possible  for  the  matter  of 
sick  leave  to  be  handled  in  a  most  arbitrary  fashion  by  the  manager  of 
a  municipal  plant,  or  by  the  manager  of  a  private  plant  as  well. 
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selves,  may  be  cited  as  explaining  in  large  measure  the 
illiberal  attitude  of  public  plants. 

In  the  first  place,  the  manager,  who  is  constantly  under 
the  public  eye,  is  made  to  feel  that  his  tenure  of  office  de- 
pends largely  upon  his  making  a  good  financial  showing. 
He  must  by  every  means  keep  down  expenses.  Again, 
every  one  knows  when  a  public  employee  is  not  working, 
and  if  the  pay  still  goes  on,  that  also  is  known.  Hence, 
every  opportunity  arises  for  suspicion  and  false  accusa- 
tion. Finally,  a  conscientious  manager,  in  order  to  avoid 
any  appearance  of  favoritism,  frequently  carries  himself 
so  straight  that  he  leans  over  backward.  He  may  even 
work  great  injustice  in  an  attempt  to  appear  absolutely 
just.  A  company  can  do  largely  as  it  pleases  in  questions 
such  as  this,  while  in  a  municipal  plant  everybody's  fin- 
ger, directly  or  indirectly,  sticks  itself  into  the  pie. 

Half  of  the  companies  give  some  sort  of  present  to  their 
men  at  Christmas  or  Thanksgiving  time,  while  this  practice 
does  not  appear  to  exist  in  the  public  plants.  With  two 
or  three  exceptions,  no  well-defined  attempt  at  welfare 
work  was  found  in  either  group  —  in  fact,  one  would  hardly 
expect  this  in  establishments  which  employ  so  few  men. 

From  the  nature  of  the  work  unionization  is  not  com- 
mon among  the  employees  of  the  small  electric  plants. 
Yet  in  several  instances  in  both  groups  it  was  found  that 
the  firemen's,  engineers',  or  linemen's  unions  are  in  evi- 
dence. Though  there  does  not  appear  to  be  any  general 
opposition  to  union  labor  on  the  part  of  the  management 
in  either  case,  yet  the  employees  are  somewhat  more 
highly  organized  in  the  municipal  plants  than  in  the  com- 
panies. It  hardly  seemed  worth  while,  for  the  purposes 
of  this  study,  to  endeavor  to  secure  the  exact  number  of 
union  members. 

In  five  or  six  municipal  plants  there  have  been  recently 
some  slight  labor  troubles,  occasioned  in  the  main  by  an 
agitation  for  higher  wages.  The  management  of  the  com- 
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panics  did  not  admit  that  they  had  experienced  any  diffi- 
culty on  this  score.  But  several  in  each  group  stated  that 
their  employees  were  not  altogether  satisfied  with  their 
wages  or  the  conditions  of  employment. 

7.  General  Considerations 

It  was  rather  interesting  at  this  date  to  make  an  at- 
tempt to  discover  why  these  municipalities  of  Massachu- 
setts had  originally  entered  upon  the  business  of  electric 
lighting.  The  general  answer  seems  to  be  that  they  simply 
had  a  desire  for  municipal  ownership,  hoping  to  secure 
financial  gains  or  better  service  therefrom.  Of  other  spe- 
cific answers  given  to  this  question  the  following  may  be 
suggested,  together  with  the  number  of  plants  to  which 
they  in  each  case  apply:  "Unsatisfactory  service  of  local 
company,"  four;  "Private  plant  stopped  generating," 
one;  "The  people  needed  electric  service  and  there  was 
no  other  way  to  obtain  it,"  four;  "Private  lighting  serv- 
ice had  purposely  been  kept  out  of  the  territory,"  two; 
"Politics,"  one;  influenced  by  the  "General  movement 
for  municipal  ownership,"  three. 

In  the  case  of  the  public  plants  the  attitude  of  the 
municipal  government  seems  to  be  favorable  in  all  but 
three  or  four  cases;  nor  does  there  appear  to  be  any  fric- 
tion with  other  municipal  departments.  Only  one  case  of 
direct  hostility  of  the  local  government  was  found  among 
the  private  plants,  and  in  many  instances  the  service  of 
the  companies  was  spoken  of  in  terms  of  highest  praise. 
In  several  places  business  men  in  general  were  evidently 
somewhat  dissatisfied  with  municipal  ownership;  but  no 
noticeable  dissatisfaction  was  found  so  far  as  the  other 
group  is  concerned,  except  that  in  two  or  three  cases  the 
prices  were  considered  too  high.  The  citizens  as  a  body, 
so  far  as  could  be  ascertained,  are,  with  probably  four  or 
five  exceptions,  favorable  toward  public  ownership  where 
it  now  exists.    Only  two  cases  were  found  in  which  the 
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general  attitude  toward  the  private  plants  was  either 
unfavorable  or  doubtful. 

Politics,  at  one  time  or  other,  have  interfered  seriously 
in  at  least  four  municipal  plants,  and  probably  to  some 
extent  in  as  many  more.  In  three  or  four  cases  also  the 
companies  have  been  troubled  by  politics. 

While  there  is  in  almost  all  cases  a  gas  company  pres- 
ent in  the  territory,  the  relations  appear  to  be  for  the 
most  part  pleasant,  though  the  gas  people  are  frequently 
much  more  active  in  pushing  their  business  than  are  the 
electric  light  plants;  and  in  some  instances  the  former 
actually  seem  to  have  been  gaining  in  the  amount  of  house 
lighting  done.  In  the  case  of  the  private  plants,  however, 
in  eight  instances  out  of  thirteen  the  gas  is  supplied  either 
by  the  electric  plants  studied,  which  are  composite,  or  by 
companies  which  are  under  the  same  ownership.  Under 
such  circumstances  there  is  not  much  opportunity  for 
real  competition. 

All  of  the  companies  heard  from  in  any  way,  except 
one,  make  a  systematic  effort  to  get  new  business,  by 
means  of  soliciting,  advertising,  and  campaigns  of  various 
sorts.  Every  one  of  the  ten  actually  visited  has  a  show- 
room with  adequate  facilities.  Of  the  municipal  plants, 
however,  half  admit  that  they  make  no  effort  whatever 
to  secure  new  business,  usually  because  they  are  not  able 
to  take  care  of  what  business  they  already  have  in  a 
wholly  satisfactory  manner.  Some  rather  naively  state 
that  they  do  not  have  to  look  for  new  business  because 
the  territory  is  already  fully  developed,  or  because  their 
good  service  and  low  rates  are  a  sufficient  advertisement. 
Only  three  or  four  of  this  group  have  anything  which  even 
approaches  a  show-room.  The  remainder  either  keep  no 
appliances  on  hand  or  have  them  hidden  away  in  some 
corner  of  their  crowded  offices. 

In  comparatively  few  cases  do  the  public  plants  fur- 
nish the  major  portion  of  the  power  used  by  factories  in 
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their  territory.  As  nearly  as  can  be  determined,  however, 
the  companies  make  a  somewhat  better  showing.  In  view 
of  the  fact  that  many  of  the  manufacturing  concerns  started 
business  before  the  local  lighting  plants  were  installed, 
or  before  the  commercial  possibilities  of  central  station 
generation  were  fully  realized,  it  is  not  strange  that  many 
factories  in  either  case  are  not  supplied  with  power,  par- 
ticularly in  those  instances  in  which  the  demand  is  very 
large.  There  are  also  perfectly  good  reasons  why  it  may 
not  be  financially  expedient  for  an  electric  plant  to  in- 
crease its  equipment  sufficiently  to  take  on  very  large 
power  customers  unless  there  is  a  definite  guarantee  for 
a  period  of  years  which  will  be  high  enough  to  enable  a 
large  part  of  the  additional  investment  to  be  amortized. 
This  is  especially  true  in  the  case  of  new  and  untried  en- 
terprises or  in  the  case  of  those  factories  the  demand  for 
whose  product  is  occasioned  by  abnormal  conditions,  such 
as  war,  or  is  subject  to  the  vagaries  of  fashion,  or  is 
dependent  upon  the  good-will  of  a  comparatively  small 
group  of  consumers.  Yet  it  is  very  evident  that  the 
public  plants  have  been  much  more  cautious  than  the 
companies  in  this  regard,  demanding  in  many  cases  un- 
reasonably high  guarantees,  and  upon  the  whole  fre- 
quently assuming  an  attitude  of  careless  indifference.  In 
several  instances  it  was  clearly  demonstrated  that  valu- 
able business  has  been  kept  away  through  this  policy. 
Probably  the  same  thing  has  happened  in  other  cases, 
though  it  is  sometimes  difficult  to  prove  the  actual  occur- 
rence. At  any  rate,  in  many  instances,  the  public  plants 
could  now  rapidly  extend  their  power  business  if  they  had 
the  facilities  for  doing  so.  No  doubt  a  municipal  plant  is 
justified  in  running  no  risks;  but  the  customary  policy  is 
an  exceedingly  short-sighted  one,  if  the  welfare  of  all  the 
people  is  to  be  considered. 

As  to  the  future  development  of  business  in  their  terri- 
tory, all  except  one  or  two  of  the  companies  appear  to  have 
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viade  reasonably  adequate  'preparation;  while  in  only  two 
or  three  instances  have  the  public  plants  which  are  still  gen- 
erating current  sufficiently  provided  for  the  future.  In  at 
least  half  of  the  plants  in  this  group  the  answer  must  be 
decidedly  "No,"  and  in  several  others  it  is  very  doubtful. 

So  far  as  concerns  the  objections  to  the  present  system 
and  the  suggestion  of  needed  changes,  practically  all  of 
the  private  plants  answer  "None,"  though  one  (the  small- 
est of  all)  mentions  that  twenty-four-hour  service  is 
needed,  and  another  admits  the  desirability  of  a  general 
improvement  in  service.  Only  a  third  of  the  municipal 
plants,  however,  answer  "None"  to  this  question.  The 
remainder  admit  that  the  objections  and  needed  changes 
are  manifold,  among  which  may  be  listed  the  following: 
"More  capacity  needed,"  "Additional  lines  necessary," 
"Larger  units,"  "Entire  system  should  be  renewed," 
"Too  numerous  to  mention,"  "Administrative  changes," 
"General  objections,"  "More  liberal  financial  policy," 
"Less  cumbersome  financial  policy,"  "Do  away  with 
politics,"  "Street  lights  should  be  paid  for."  Probably 
these  complaints  of  the  managers  speak  for  themselves. 

The  reader  might  object  that  the  municipal  managers 
may  have  been  more  frank  in  their  admissions  than  the 
managers  of  the  companies.  This  is  a  reasonable  infer- 
ence. But  it  must  be  remembered  that  the  writer  most 
carefully  reviewed  the  entire  situation  from  all  angles 
and  secured  confirmatory  proof  of  all  statements  before 
drawing  any  conclusions.  Hence,  in  view  of  the  fact  that 
he  has  been  on  the  ground  personally  and  has  inspected 
the  plants  and  systems  which  are  here  discussed,  he  be- 
lieves that  the  picture  painted  is  as  accurate  as  a  reason- 
able, unbiased  judgment  can  make  it. 

In  several  instances  the  WTiter  discovered  a  well-marked 
desire  for  a  change  from  public  to  private  ownership, 
though  the  recently  passed  law  ^  and  the  local  pride 
1  Mass.,  1917,  ch.  205,  sect.  1. 
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would  probably  prevent  any  transfer  being  made.  In 
two  cases  the  writer  knows  personally  of  negotiations 
which  have  been  entered  into  for  the  purpose  of  taking 
over  large  municipal  plants  by  private  interests,  having 
seen  some  of  the  estimates  which  had  been  drawn  up  in 
connection  therewith.  In  both  cases  the  incipient  nego- 
tiations fell  through  —  in  one  instance  because  it  was 
found  that  no  deal  could  be  made  without  the  payment 
of  a  large  "sweetener"  to  the  municipal  authorities  by 
way  of  graft.  This,  however,  happened  before  the  law 
was  passed  requiring  the  same  sort  of  vote  to  be  taken 
for  abandoning  a  municipal  plant  as  for  acquiring  it.  In 
about  two  thirds  of  the  cases  in  this  group  municipal  own- 
ership in  a  general  way  is  termed  a  success  by  the  managers, 
and  in  the  others  the  answer  is  "Not  a  success  "  or  "  Doubt- 
ful." The  reader  can  form  his  own  opinion  as  to  the  ade- 
quacy of  this  judgment. 

Most  of  the  companies  definitely  state  that  there  is 
no  noticeable  desire  for  a  change  to  public  ownership  in 
their  territory.  As  nearly  as  can  be  ascertained  by  care- 
ful inquiry,  they  have  put  the  case  correctly,  though  there 
are  one  or  two  reasonably  doubtful  cases.  The  accom- 
panying table  indicates  that  there  has  been  practically 
no  serious  agitation  for  municipal  ownership  in  the  com- 
panies studied  at  any  time.  Accordingly,  we  may  nat- 
urally expect  that  private  ownership  in  these  cases  has 
been  reasonably  successful  from  a  public  point  of  view. 
Only  one  or  two  suggestions  to  the  contrary  were  re- 
ceived; while  frequently  the  warmest  commendation  was 
volunteered  by  wholly  disinterested  parties.  The  follow- 
ing extracts  from  a  letter  received  by  the  writer  from  the 
mayor  of  one  of  the  cities  in  which  is  located  a  company 
under  consideration,  is  typical.  The  reference  is  to  one 
of  a  group  of  centrally  owned  plants. 

Although  I  have  no  connection,  financial  or  otherwise,  with 
any  of  the  companies  (beyond  being  a  private  consumer  in  my 
own  house),  I  am  very  familiar  with  their  organization  .... 
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The  arrangement  has  met  with  general  approval,  I  think,  in 
all  of  the  municipalities  served.  The  rates  are  fair,  and  low. 
There  is  no  doubt  that  the  companies  have  made  a  good  deal 
of  money.  But  there  can  be  no  objection  to  this,  because  they 
have  thoroughly  modernized  all  of  their  plant  with  the  money 
they  have  made  from  the  consumers,  and  their  service  has  been 
of  a  very  high  order.  They  have  not  mixed  in  politics  in  any  way. 
Their  local  manager  was  for  some  time  interested  in  local  politics, 
he  having  served  in  our  City  Council;  but  his  interest  was  en- 
tirely personal,  and  his  service  to  the  city  was  of  value  to  it  much 
more  than  to  the  company  with  which  he  was  and  is  connected. 
He  is  a  good  business  man,  and  as  such  gave  freely  of  his  brains 
and  time  to  his  city.  .  .  . 

The  quality  of  service  is  first-class.  Every  complaint  is 
promptly  taken  up,  and  remedied  if  possible.  For  instance,  if  a 
police  officer  reports  a  street  light  not  burning,  a  man  is  at  once 
sent  to  the  spot  and  the  trouble  taken  care  of.  It  is  the  same  with 
private  complaints  of  private  services. 

Summary 

We  may  conclude  our  summing-up  of  the  more  impor- 
tant evidence  secured  in  the  local  survey  as  follows: 

1.  The  managers  of  municipal  electric  lighting  at  pres' 
ent  seem  to  be  in  most  cases  well  qualified  for  their  work, 
and  their  appointment  appears  to  have  been  usually  based 
upon  their  general  fitness. 

2.  Few  of  these  managers  belong  to  technical  societies 
of  any  sort. 

3.  With  a  few  exceptions,  there  is  no  evidence  that  they 
dabble  unduly  in  politics,  though  frequently  they  are 
somewhat  interfered  with  for  political  reasons. 

4.  The  salaries  of  the  managers  of  municipal  plants 
have  recently  been  considerably  increased,  and  in  the 
main  now  seem  to  compare  favorably  with  those  paid  to 
the  managers  of  companies. 

5.  Numerous  traces  of  dishonesty  on  the  part  of  munic- 
ipal managers  or  municipal  lighting  boards  can  be  found, 
though  probably  the  situation  is  not  much  worse,  with  a 
few  exceptions,  than  might  be  expected  under  private 
ownership. 
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6.  The  managers  of  municipal  lighting  in  general  admit 
that  they  are  highly  dissatisfied  with  the  conditions  which 
they  are  forced  to  put  up  v/ith  under  public  employment. 

7.  The  larger  the  municipality  owning  its  plant,  Hol- 
yoke  excepted,  the  more  numerous  in  general  are  the  evi- 
dences of  corruption  and  political  interference. 

8.  Wages  and  hours  of  labor  (usually  eight)  appear  to 
be  about  the  same  in  both  cases,  the  public  plants  having 
in  a  few  cases  shorter  hours. 

9.  The  conditions  of  employment  are  frequently  more 
pleasant  in  the  companies,  and  they,  in  the  main,  seem 
to  take  better  care  of  their  labor. 

10.  The  reasons  given  by  municipalities  for  acquiring 
their  plants  are  numerous,  but  most  of  them  seem  to  have 
been  moved  by  the  hope  of  financial  gains  of  some  sort. 

11.  Practically  all  of  the  companies  make  an  active 
attempt  to  get  new  business,  while  the  majority  of  the 
public  plants  frankly  admit  that  they  make  no  such  effort. 
They  let  business  come  to  them.  Though  few  of  the  latter 
do  any  advertising  or  make  use  of  show-rooms,  the  former 
do  so  almost  without  exception. 

12.  In  a  number  of  cases  the  available  evidence  points 
to  the  fact  that  desirable  business  has  been  kept  away 
from  municipalities  because  of  the  failure  of  their  pub- 
licly owned  plants  to  offer  adequate  facilities  for  the  sup- 
ply of  power.  Many  of  these  plants  could  also  greatly  in- 
crease their  power  business  at  the  present  time  if  they 
cared  to  do  so. 

13.  In  many  regards  a  number  of  the  municipal  plants 
were  laboring  under  serious  difficulties  at  the  time  of  this 
survey,  and  several  would  probably  have  been  glad  to 
change  to  private  ownership  had  it  not  been  for  the  legal 
complications.  On  the  other  hand,  there  seems  to  be  at 
present  little  serious  dissatisfaction  with  private  owner- 
ship in  the  places  served  by  the  companies. 
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Brief  Conclusion 

Practically  all  of  the  data  secured  in  this  local  survey 
of  the  generating  plants  (as  outlined  in  this  and  the  pre- 
ceding chapter)  amply  confirm  the  tentative  conclusions 
reached  as  a  result  of  our  careful  analyses  of  the  statisti- 
cal material  given  in  the  annual  returns.  In  many  instances 
very  valuable  additional  information  has  been  collected. 
In  general,  the  findings  for  this  group  of  plants  would 
seem  to  indicate  clearly  that  public  ownership,  as  com- 
pared with  private  management  of  the  lighting  business 
in  Massachusetts,  leaves  much  to  be  desired.  It  may  be 
true,  however,  that  at  times  certain  not  readily  calculable 
gains  have  resulted. 


CHAPTER  XIII 

THE  LOCAL  BACKGROUND :  PURCHASING  PLANTS 

The  purchasing  plants  furnish  Httle  additional  mate- 
rial of  interest;  but,  consistent  with  our  earlier  treatment, 
it  has  seemed  desirable  to  keep  the  results  of  the  local 
survey  of  these  plants  separate  from  those  of  the  generat- 
ing plants.  Accordingly,  in  the  present  chapter  a  very 
brief  account  will  be  given  of  this  group  in  so  far  as  the 
schedule  applies  or  as  it  may  seem  necessary.  As  none 
of  the  municipal  plants  under  consideration  have  ever 
generated  current,  and  as  all  of  the  companies  which  for- 
merly generated  have  definitely  stopped  this  activity, 
many  having  disposed  of  their  equipment,  there  is  nothing 
to  say  regarding  the  central  station, 

1.  Distribution 

In  the  matter  of  topography  and  geography  it  appears 
that  there  is  little  difference  in  the  conditions  surrounding 
the  two  groups  of  plants.  In  practically  all  cases  the  con- 
ditions would  be  considered  normal. 

Half  of  the  companies  claim  to  extend  their  lines  accord- 
ing to  the  demand,  and  about  half  say  that  they  think 
first  of  financial  considerations.  Some  of  the  public  plants 
also  make  extensions  to  meet  the  demand;  but  the  an- 
swers usually  given  to  this  question  are,  "By  vote  of  the 
town,"  "Board  decides,"  "For  a  reasonable  return,"  etc. 
Probably  neither  group  takes  on  unprofitable  customers 
when  it  can  be  avoided.  Extensions,  when  finally  decided 
upon,  are,  so  far  as  known,  made  with  reasonable  prompt- 
ness in  both  cases,  though  there  is  some  evidence  to  point 
to  the  presumption  that  the  municipal  plants  do  not  over- 
exert themselves.  In  a  considerable  number  of  the  latter. 
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and  in  one  or  two  cases  in  the  companies,  the  customers 
bear  a  part  of  the  cost  of  extension,  particularly  on  pri- 
vate land.  The  construction  thus  paid  for  does  not  in 
many  cases  appear  to  be  charged  to  the  capital  account. 
A  large  proportion  of  the  companies  let  out  their  exten- 
sion work  to  contractors,  while  the  municipal  plants  usu- 
ally do  the  work  themselves.  This  probably  accounts  in 
no  small  measure  for  the  somewhat  lower  construction 
accounts  of  the  latter,  for  not  only  is  the  total  cost  of  a 
piece  of  work  thus  done  frequently  lower,  but  often,  as 
indicated  in  an  earlier  chapter,  the  labor  used  in  new  con- 
struction is  charged  up  to  operating  expenses. 

It  was  diflScult  in  this  case,  as  in  the  generating  plants, 
to  find  out  with  accuracy  how  many  poles  are  actually 
owned  and  how  many  foreign  poles  are  used.  It  appears, 
however,  that  the  writer  was  partially  wrong  in  his  earlier 
inference  from  the  returns  to  the  effect  that  the  public 
purchasing  plants  own  practically  all  of  the  poles  which 
they  use.  The  proportion  seems  to  be  little  higher  than 
in  the  case  of  the  generating  plants,  though  the  companies 
of  this  group  own  comparatively  a  larger  number.  Prac- 
tically none  of  the  municipal  plants  pay  any  pole  rent, 
while  almost  all  of  the  companies  must  provide  for  this 
item  of  expense. 

The  larger  plants  in  each  group  have  a  fairly  accurate 
knowledge  of  the  length  of  their  lines  and  streets  with 
overhead  lines,  secured  through  actual  measurement  or 
by  scaling  from  blue-prints  of  the  town.  For  the  smaller 
plants  of  recent  installation  the  length  given  is  also  ap- 
proximately correct.  Few  in  either  case  have  a  satisfac- 
tory map  of  the  distributing  system.  Connected  load  is,  as 
would  be  expected,  merely  a  rough  estimate  in  most  cases. 

In  general  it  is  probably  true  that  the  distributing  sys- 
tem of  both  groujjs  is  at  present  as  good  as  would  be  ex- 
pected in  plants  of  this  size,  though  some  of  the  very  small 
public  plants  have  installed  slim  and  inferior  poles  and 
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have  used  wire  which  is  not  up  to  standard.  On  the  other 
hand,  some  of  the  companies  had  an  unsatisfactory  original 
installation.  There  is  little  uniformity  in  the  practice  of 
line  inspection.  Most  of  the  private  plants  simply  reply, 
"Constant."  Answers  from  the  other  group  are,  "Con- 
stant," "Variable,"  "Very  often,"  "Monthly,"  "Never." 

2.  Consumption 

Only  one  municipal  plant  appears  to  test  customers' 
meters  with  any  regularity,  five  out  of  ten  answer,  "No," 
while  the  remainder  say,  "When  needed,"  or  "On  com- 
plaint." Five  of  the  companies  report  regular  tests,  and 
regarding  the  others  the  writer  has  no  definite  informa- 
tion. Complaints  are  said  to  be  handled  with  reasonable 
promptness  in  most  cases. 

Practically  all  of  the  companies  sell  appliances,  most 
having  show-rooms  of  some  sort  in  connection  with  their 
oflBces,  and  a  number  deal  in  fixtures.  Only  the  larger 
public  plants  do  a  business  of  this  sort.  The  usual  sale 
price  is  at  a  slight  advance  over  cost. 

Special  rates  to  large  consumers  are  made  by  two  or 
three  of  the  companies,  but  no  such  cases  were  found 
among  the  other  group.  All  of  the  private  plants  except 
two  report  general  satisfaction  with  rates.  In  two  other 
cases,  however,  the  matter  is  open  to  question.  Of  the 
municipal  plants  in  only  one  case  was  it  definitely  sug- 
gested that  the  rates  are  too  high.  Among  the  plants  here 
under  consideration  there  has  been  since  1910  only  one 
petition  to  the  State  Board  for  the  reduction  of  prices,  — 
in  one  of  the  companies,  —  and  that  was  favorably  acted 
upon.  But  there  have  been  numerous  voluntary  reduc- 
tions in  both  groups,  —  for  the  companies,  thirteen  cases 
in  eight  different  plants,  and  for  the  municipalities,  seven- 
teen cases  in  ten  different  plants. 

In  the  companies  all  accounts,  so  far  as  ascertained,  are 
collected  monthly,  as  is  also  the  case  in  all  of  the  larger 
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public  plants.  The  writer  has  been  indirectly  informed, 
however,  that  in  a  number  of  the  smaller  municipal  plants 
collections  are  bi-monthly  or  even  quarterly.  In  all  cases 
heard  from,  except  one,  the  payments  are  made  to  the 
managers  of  the  latter  group,  and  not  to  the  town  treasurer 
as  is  sometimes  suggested.  It  may  well  be  that  there  are 
more  exceptions  of  this  kind. 

3.  Financial  Considerations 

As  most  of  the  companies  are  under  central  control  they 
have  frequent  and  systematic  audits.  The  municipal 
plants  are  audited  for  the  most  part  annually,  usually  by 
the  public  auditor,  the  town  bearing  the  charge.  In  two 
cases,  however,  a  certified  public  accountant,  paid  by 
the  department,  does  the  work,  and  in  one  instance  the 
manager  himself  secures  and  pays  for  an  outside  party. 

No  important  case  of  free  service  rendered  to  the  mu- 
nicipality, aside  from  street  lighting,  was  found,  though 
in  two  instances  a  very  low  special  rate  is  made  to  the  town 
for  power  used  in  pumping  water.  Other  current  supplied 
is  customarily  paid  for  at  the  usual  rates.  Nor,  in  the 
plants  from  which  data  have  been  secured,  does  any  con- 
siderable free  service  seem  to  be  received  from  other 
municipal  departments.  With  one  exception,  no  portion 
of  the  salary  of  the  town  treasurer  or  the  solicitor  is  paid 
for.  In  a  few  cases  public  land  is  used  without  payment 
of  rental,  and  in  numerous  plants,  probably  in  the  ma- 
jority, free  offices  are  enjoyed  in  the  town  hall.  In  at  least 
half  of  this  group  of  public  plants,  the  town  pays  for  part 
or  all  of  the  insurance  carried.  The  customary  policy 
seems  to  be  to  take  out  a  blanket  insurance  on  all  public 
property.  Under  the  circumstances  it  is  hardly  worth 
while  to  attempt  an  estimate  of  the  value  of  the  free  serv- 
ice received,  for  it  would  certainly  not  amount  to  more 
than  a  few  thousand  dollars,  provided  the  services  fre- 
quently contributed  by  the  manager  be  not  included. 
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None  of  the  municipal  plants  are  carrying  any  dead 
investment  worth  mentioning.  But  ten  of  the  eleven  com- 
panies which  formerly  generated  current  have  amounts 
ranging  in  different  cases  from  $1,000  to  perhaps  $70,000 
invested  in  equipment  or  real  estate  which  are  now,  and 
probably  always  will  be,  either  useless  or  at  least  wholly 
unnecessary  for  the  successful  conduct  of  their  business. 
The  total  amount  thus  carried  is  approximately  between 
$175,000  and  $200,000. 

With  two  or  three  exceptions  in  either  case  there  does 
not  appear  to  have  been  serious  waste  or  extravagance  in 
investment  or  operation,  while  the  financial  policy  has 
doubtless  been  reasonably  liberal  in  the  majority  of  cases. 
Nothing  is  spent  by  any  of  the  municipal  plants  for  adver- 
tising or  getting  new  business,  and  a  comparatively  small 
amount  by  the  companies. 

The  accounts  of  the  small  public  plants  are  extremely 
simple,  and  the  opportunities  for  dishonesty  are  practi- 
cally nil.  In  spite  of  the  requirements  of  the  State  law,^ 
according  to  the  returns  of  1915  there  were  six  managers 
not  under  bond. 

4.  The  Management 

The  municipal  light  boards  in  a  majority  of  the  cases 
under  consideration  may  be  characterized  as  non-partisan, 
for  no  one  ever  seems  to  think  of  the  political  affiliations 
of  the  members.  In  two  plants  there  is  no  board,  and  in 
several  cases  the  manager  is  one  of  the  members.  In  few 
instances  is  there  any  technical  knowledge  represented  on 
the  board. 

The  manager  is  ordinarily  appointed  for  a  term  of  one 
year,  but  in  most  cases  the  tenure  is  in  reality  indefinite. 
A  number  have  been  with  their  plant  since  its  installa- 
tion. There  does  not  seem  to  be  any  fixed  basis  for  select- 
ing a  manager.   While  some  suggest  "ability"  or  "fitness 

1  Mass.,  1914,  ch.  742,  sect.  113. 
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for  the  work"  as  a  criterion,  others  are  apparently  glad 
to  secure  the  services  of  any  citizen  who  is  willing  to  do 
the  work  cheaply  or  even  without  compensation. 

One  manager  was  discovered  who  is  a  technical  grad- 
uate. The  others  have  had  a  varied  preparation,  the  an- 
swers to  this  question  being,  "No  preparation,"  "Trained 
in  the  plant,"  "Business  college,"  "Private  study  of  elec- 
tricity," "Training  in  a  private  plant,"  etc.  So  far  as 
could  be  discovered  there  is  only  one  manager  of  these 
municipal  plants  who  belongs  to  a  technical  society,  and 
the  numbers  among  the  companies  are  very  few. 

The  municipal  managers  of  lighting  are  usually  given 
a  free  hand  so  far  as  the  actual  operation  of  the  plant 
goes;  but  they  are  carefully  restricted  by  the  municipal 
board  in  the  purchasing  of  material.  Only  a  few  cases  of 
probable  dishonesty  were  found,  and  politics  seem  as  a 
general  thing  to  have  been  conspicuous  by  reason  of  their 
absence. 

As  might  be  expected,  the  general  run  of  managers  of 
this  group  of  public  plants  are  men  of  small  caliber, 
though  there  are  a  number  of  outstanding  exceptions.  As 
indicated  by  letters  to  the  writer  and  to  the  Board  of  Gas 
and  Electric  Light  Commissioners,  many  are  wholly  un- 
trained either  for  business  or  for  anything  else.  Yet,  due 
to  the  patient  attention  and  assistance  which  has  been 
given  them  by  the  State,  they  have  managed  to  correct 
many  of  their  earlier  mistakes,  so  that  now  they  get  on 
reasonably  well.  In  only  four  cases  do  the  managers  of 
municipal  plants  devote  all  of  their  time  to  the  lighting 
department,  while  practically  all  of  the  managers  of  pri- 
vate plants  must  of  necessity  do  so.  Hence,  it  is  not  to 
be  wondered  at  that  the  operating  expenses  of  the  com- 
panies tend  to  be  relatively  higher  than  those  of  the  other 
group,  which  frequently  pay  nothing  at  all  for  manage- 
ment. 
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5.  The  Employees 

In  the  average  plant  of  the  present  group  so  few  lab- 
orers are  employed  that  it  hardly  seems  worth  while  to 
devote  any  time  to  a  discussion  of  this  part  of  the  schedule, 
for  few  of  the  questions  really  apply.  In  many  instances, 
particularly  in  the  public  plants,  the  manager  is  the  fac- 
totum, performing  all  the  work  that  needs  to  be  done  in 
his  spare  time.  Most  of  the  other  employees  of  the  munic- 
ipal plants,  at  any  rate,  are  little  more  than  ordinary 
day  laborers,  and  the  wages  paid  are  correspondingly  low. 
In  most  cases  they  work  only  part  time.  Occasionally 
the  services  of  employees  of  other  municipal  departments 
are  utilized,  as  it  is  otherwise  difficult  to  secure  help  when 
needed. 

In  the  majority  of  cases  the  usual  working  day  is  eight 
hours,  though  the  question  of  the  time  worked  is  not  of 
much  consequence  on  account  of  the  fragmentary  charac- 
ter of  the  work.  While  in  many  cases  the  ordinary  holi- 
days are  allowed  with  pay,  and  frequently  vacations  are 
granted,  it  is  not  customary  for  the  municipal  plants,  at 
any  rate,  to  give  pay  to  employees  during  periods  of  sick- 
ness. 

6.  General  Considerations 

In  thirteen  cases  out  of  twenty-one  in  this  group  the 
municipalities  entered  upon  the  lighting  business  because 
there  was  at  the  time  no  electric  service  in  the  territory. 
In  some  places,  to  be  sure,  companies  which  might  have 
been  glad  to  extend  their  services  were  kept  out;  but  for 
the  most  part  there  was  little  in  the  situation  to  attract 
private  enterprise,  if  five  or  six  of  the  larger  plants  be 
barred.  Of  other  answers  gleaned  from  the  survey,  to  the 
question  regarding  the  reason  for  acquiring  a  plant,  the 
following  are  suggestive:  "To  get  satisfactory  service," 
"To  save  money,"    "To   secure   good   street   lighting," 
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"Recommended  by  the  investigating  committee,"  "Desire 
for  municipal  ownership." 

At  the  present  time  there  appears  to  be  little  opposition 
encountered  by  either  group  of  plants  from  the  municipal 
government,  the  business  men,  or  the  citizens  in  general. 
Formerly  there  was  some  dissatisfaction  in  two  or  three 
cases  both  for  the  companies  and  for  the  public  plants. 

As  stated  in  an  earlier  chapter  there  is  no  gas  competi- 
tion in  thirteen  of  the  municipal  plants,  while  there  is  gas 
in  the  territory  of  all  but  six  of  the  companies.  Practi- 
cally all  of  the  latter  make  some  effort  to  secure  new 
business,  by  means  of  advertising,  soliciting,  and  display 
of  appliances.  In  no  instance  did  the  manager  of  a  munic- 
ipal plant  say  that  any  definite  attempt  is  made  to  push 
business,  though  where  gas  is  present  there  is  some  rivalry. 
In  a  few  cases  the  territory  is  already  well  developed,  and 
usually  the  new  customers  seem  to  come  as  rapidly  as  the 
town  is  ready  to  take  care  of  them.  As  long  as  the  current 
is  purchased,  the  question  of  the  load  factor  —  which,  by 
the  way,  is  never  computed  —  rarely  worries  those  in 
charge  of  municipal  plants. 

As  there  are  not  many  industries  in  the  districts  served 
by  this  group,  and  as  the  amount  of  power  supplied  by  a 
purchasing  plant  depends  pretty  largely  upon  the  con- 
ditions at  the  source  of  supply,  i.e.,  the  selling  plant,  the 
question  of  the  discouragement  of  new  enterprises  be- 
cause of  lack  of  facilities  is  not  important.  Also,  for  a 
similar  reason,  it  can  probably  be  said  that  the  future 
development  of  business  has  been  adequately  provided 
for. 

The  companies  suggest  little  criticism  of  their  present 
system,  and  only  scattering  complaints  were  received 
from  the  municipalities,  though  probably  many  of  the 
suggestions  made  regarding  the  generating  plants  would 
apply  here  as  well.  Aside  from  the  negligible  cases  indi- 
cated in  a  preceding  table,  there  appears  to  be  no  notice- 
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able  dissatisfaction  with  the  present  state  of  affairs  in 
either  group  and  no  desire  for  a  change  of  ownership. 
Each  community  is  either  performing  or  having  performed 
for  itself  that  service  which  it  desires,  in  a  manner  which 
meets  with  the  general  approval.  No  important  issues 
seem  to  be  involved  in  the  case  of  these  small  plants  other 
than  those  which  have  already  been  suggested. 

Summary 

Little  that  is  new  can  be  gleaned  from  the  local  survey 
of  these  purchasing  plants.  In  many  regards  there  does 
not  seem  to  be  much  to  choose  between  the  two  groups. 
However,  the  following  facts  stand  out: 

1.  The  municipal  plants  now  appear  to  be  following  in 
general  a  more  cautious  policy  in  making  extensions,  and 
they  frequently  put  a  good  deal  of  the  cost  on  the  cus- 
tomer. 

2.  The  public  plants  do  not  usually  sell  any  appliances, 
and  rarely  make  any  attempts  to  get  new  business.  Per- 
haps it  has  not  till  now  been  necessary  to  do  so,  though 
it  will  be  remembered  that  their  power  load  is  much 
poorer  than  that  of  the  private  plants. 

3.  The  general  business  and  financial  policy  of  the  com- 
panies, due  to  the  fact  that  they  are  centrally  controlled, 
appears  in  most  respects  to  be  more  systematic  than  that 
of  the  other  group. 

4.  An  appreciable  amount  of  free  service  is  received  by 
the  public  plants  from  their  municipalities. 

5.  The  large  investment  in  "dead  assets"  ($175,000  to 
$200,000)  of  the  companies  is  for  the  most  part  a  com- 
plete loss,  and,  from  the  nature  of  the  case,  could  not  well 
have  been  avoided.  The  public  plants,  due  to  their  more 
recent  installation,  have  been  more  fortunate  in  this  re- 
gard. 

6.  The  managers  of  these  municipal  plants,  four  or  five 
of  the  larger  ones  excepted,  are  usually  men  of  small 
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capacity  who  give  their  services  to  the  public  for  an  in- 
adequate compensation,  or  gratis. 

7.  The  labor  problem  is  insignijBcant,  as  the  manager 
is  frequently  the  only  employee,  and  he  rarely  gives  all 
of  his  time  to  the  work. 

8.  In  most  cases  the  municipalities  acquired  their 
plants  because  otherwise  they  would  have  had  no  elec- 
trical service.  In  a  few  instances,  however,  on  account  of 
the  excellence  of  the  territory,  there  was  probably  a  hope 
of  financial  gain  of  some  kind. 

9.  Politics  seem  to  have  been  conspicuously  absent  in 
these  small  public  plants;  and  the  two  groups  of  communi- 
ties, barring  one  or  two  places  served  by  companies,  seem 
at  present  to  be  well  satisfied  with  that  form  of  ownership 
which  they  now  chance  to  have. 

10.  The  comparative  success  of  this  group  of  public 
plants  is  due  in  large  measure  to  the  attention  given  them 
by  the  State  Board  of  Gas  and  Electric  Light  Commis- 
sioners, rather  than  to  their  own  unaided  efforts.  The  cor- 
responding companies,  on  the  other  hand,  while  they  leave 
much  to  be  desired,  have  probably  been  benefited  by  the 
systematization  which  has  recently  come  from  "central 
control";  and,  economically,  it  would  no  doubt  have  been 
better  had  they  never  been  carried  on  as  separate  concerns. 


CHAPTER  XIV 

CONCLUSION 

The  chief  purpose  of  this  study  has  been,  first,  to  inter- 
pret the  data  which  appear  in  the  annual  returns  of  the 
two  groups  of  electric  plants  under  consideration,  and, 
secondly,  by  means  of  carefully  conducted  local  surveys 
to  test  the  tentative  conclusions  reached  by  the  first 
method  as  well  as  to  collect  additional  information  of  a 
highly  valuable  sort  not  to  be  found  in  any  written  rec- 
ords, —  all  with  a  view  to  ascertaining,  as  nearly  as  a  sci- 
entifically impartial  yet  wholly  sympathetic  investigation 
can  reveal,  how  municipal  electric  lighting  in  Massachu- 
setts compares  with  private  enterprise  in  the  same  field. 
It  is  hoped,  however,  that  the  methods  of  research  herein 
developed  and  the  conclusions  thus  cautiously  arrived  at, 
will  be  of  more  than  passing  value  to  the  great  group  of 
thinking  men,  whether  engaged  in  private  business  or  in 
the  public  service,  who  really  take  an  intelligent  interest 
in  the  numerous  problems  of  public  industry. 

While  throughout  this  study  the  writer  has  honestly 
endeavored  to  keep  an  open  mind  on  the  question,  there 
remains,  of  course,  some  slight  possibility  of  error,  even 
when  the  local  background  is  accurately  known.  Every 
attempt,  however,  has  been  made  to  eliminate  the  dis- 
turbing factors,  to  make  reasonable  allowances  when 
necessary,  and  always  to  keep  the  data  as  nearly  compar- 
able as  circumstances  will  permit.  The  intangible  items 
in  such  a  problem  as  this  are  somewhat  difficult  to  evalu- 
ate, even  after  they  have  been  discovered.  Yet  it  does  not 
seem  probable,  in  view  of  the  double  check  that  is  afforded 
by  the  local  survey  and  by  the  various  methods  of  statisti- 
cal approach,  that  the  findings  herein  outUned  can  be  far 
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wrong.  It  must  also  be  recalled  in  this  connection  that,  as 
was  stated  in  the  very  beginning  of  our  study,  public  busi- 
ness has  been  compared  with  private  business  at  its  worst  in 
the  State,  from  which  fact  the  reader  is  at  liberty  to 
draw  what  inferences  he  may  choose. 

Most  of  the  conclusions  reached  have  been  from  time 
to  time  suggested  as  the  several  items  were  under  discus- 
sion. Accordingly,  the  reader  should  be  permitted  to  de- 
cide for  himself  as  to  whether  or  not  the  conditions  which 
have  been  indicated  are  such  as  to  make  out  a  clear  case 
for  or  against  municipal  ownership  in  this  particular  in- 
dustry. Here,  then,  may  be  summed  up  briefly  the  results 
of  the  present  investigation;  and  it  will  not  be  amiss  for 
the  writer  to  make  certain  suggestions  which,  as  he  be- 
lieves, might  with  profit  be  considered  by  the  Massachu- 
setts Board  of  Gas  and  Electric  Light  Commissioners,  by 
other  State  commissions,  and  by  the  municipaUties  them- 
selves. 

In  the  first  place,  it  appears  that  the  conditions  under 
which  the  municipal  generating  plants  are  operating,  both 
natural  and  artificial,  are  far  more  favorable  to  success 
than  is  the  case  in  the  corresponding  group  of  companies. 
They  serve  a  more  densely  populated  territory,  in  which 
relatively  more  manufacturing  is  done  than  in  the  dis- 
tricts supplied  by  the  other  group.  Nor  does  their  history 
indicate  that  they  have  in  general  been  instrumental  in 
promoting  the  higher  industrial  development  here  found. 

When  the  pragmatic  test  is  applied,  it  becomes  evident 
that,  from  the  physical,  financial,  and  developmental  point 
of  view,  when  due  allowances  have  been  made,  this  group 
of  public  plants  (Holyoke  excepted),  have,  in  the  more  im- 
portant respects,  usually  lagged  somewhat  behind  the  pri- 
vate plants  studied.  They  seem  not  to  be  serving  their 
more  favorable  territory  so  adequately  as  are  the  latter, 
nor  have  they  made  any  attempt  to  develop  new  territory. 
They  have  probably  tended  to  be  too  conservative  in  their 
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extension  policy,  and,  with  a  very  few  exceptions,  have 
taken  little  thought  regarding  the  future  development  of 
business,  in  so  far  as  their  station  equipment  is  concerned. 
Their  aim  seems  to  have  been  to  follow  rather  than  to  lead 
the  growth  of  industry  and  the  new  demands  for  service. 
This,  however,  may  be  a  far  more  correct  policy  for  a 
public  industry  to  pursue  than  one  of  reckless  expansion 
which  sometimes  characterizes  the  conduct  of  private  en- 
terprise. 

In  a  financial  way  they  have  recently,  for  the  most  part, 
been  doing  reasonably  well  —  a  condition  of  affairs  due 
to  over-conservatism  rather  than  to  superior  efficiency. 
The  operating  accounts  and  balance  sheets  make  a  much 
better  showing  for  municipal  ownership  than  do  the  phys- 
ical features  of  the  business,  which  are  not  so  easily  dis- 
covered, but  which,  when  properly  studied,  furnish  us 
with  far  more  accurate  tests  than  can  be  applied  by  means 
of  a  superficial  survey  of  rates  and  balance  sheets.  Though 
the  earlier  deficits  are  generally  being  made  good,  the 
quality  of  the  service  rendered  has,  in  many  cases,  ap- 
peared to  suffer  as  a  result. 

Upon  the  whole,  while  this  group  of  plants  have  by  no 
means  been  altogether  failures,  it  cannot  be  truthfully 
asserted  that,  when  all  elements  in  the  problem  are  con- 
sidered, they  have  been  any  conspicuous  success.  With 
one  or  two  exceptions  they  seem  simply  to  be  performing 
for  themselves,  with  little  or  no  return  except  the  satisfac- 
tion derived  from  their  exertions,  those  services  which 
might  have  been  rendered  equally  well,  if  not  better,  by 
private  enterprise. 

Fortunately  these  municipal  plants  have  been  in  the 
main  comparatively  free  from  most  of  the  sinister  influ- 
ences which  frequently  beset  public  business  of  this  kind. 
Yet,  barring  Holyoke,  careful  investigation  has  revealed 
the  fact  that  the  larger  the  city  having  its  own  plant,  the 
greater  is  the  danger  from  "poUtics"  and  "graft."   In  at 
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least  one  unusually  important  case  the  conditions  have 
been  disgusting  beyond  belief;  while  in  two  other  large 
plants,  in  the  past  at  any  rate,  the  situation  has  been,  to 
say  the  least,  highly  unpleasant. 

Nor  is  the  outlook  a  propitious  one.  Not  a  municipal 
generating  plant  has  been  installed  since  1904,  though 
eighteen  purchasing  plants  have  begun  operation  since 
1907.  There  is  a  marked  tendency  in  both  groups  in  favor 
of  purchasing  current  from  large  private  concerns  and 
doing  only  a  distributing  business.  Already  three  of  the 
companies  studied  for  the  year  1914-15  have  ceased  the 
generation  of  current;  but  within  the  same  time  seven  mu- 
nicipal plants  have  for  the  present,  and  probably  for  all 
time,  stopped  the  production  of  current.  And,  in  spite  of 
the  great  loss  which  will  result  to  the  community  if  a  pub- 
lic plant  be  "scrapped,"  and  notwithstanding  the  greatly 
increased  cost  of  street  lighting  which  must  be  borne,  it 
would  probably  be  far  more  economical  in  many  cases  to 
follow  this  policy  than  to  overhaul  the  old  plants  and  equip 
them  for  future  needs. 

In  some  respects  a  marked  contrast  is  afforded  by  the 
municipal  plants  which  operate  only  a  distributing  sys- 
tem. For  them,  the  conditions  seem  to  be  in  large  measure 
reversed.  They  have,  in  many  instances,  commenced 
operation  in  districts  which  could  offer  small  inducement 
to  private  concerns,  and  it  might  appear  that  they  would 
accordingly  have  little  possibility  of  success.  Yet,  as  a 
result  of  the  united  public  sentiment  back  of  them,  and 
by  reason  of  the  careful  supervision  of  the  Board  in  count- 
less details,  they  have  made  an  unusually  good  showing  as 
contrasted  with  the  purchasing  companies. 

As  would  naturally  be  the  case  by  reason  of  their  more 
recent  installation,  this  group  of  public  plants  is  burdened 
with  a  far  lower  investment  than  are  the  private  plants. 
As  they  have  never  generated  any  current,  they  have  had 
no  opportunity  to  accumulate  a  larger  proportion  of  "dead 
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assets."  In  fact,  the  relations  existing  between  the  two, 
in  this  regard,  are  such  that  it  seems  almost  futile  to  at- 
tempt comparisons.  But,  measured  by  the  tests  which 
it  is  customary  to  apply,  they  appear  to  have  been  mak- 
ing a  better  record,  under  less  favorable  geographical  and 
business  conditions,  than  have  the  other  plants.  To  be 
sure,  they  have  not  really  made  anything  in  a  financial 
way  —  they  have,  upon  the  whole,  simply  kept  even  with 
the  game.  They  are  still  young,  and  in  the  years  to  come, 
when  repairs  and  renewals  become  urgent,  the  operating  ex- 
penses can  be  expected  to  mount  rapidly.  A  good  share  of 
their  success  also  is  due  to  the  fact  that  they  are  dependent 
upon  private  enterprise  for  that  portion  of  the  business 
which  is  most  difficult  to  be  handled  by  public  officials 
and  employees.  All  credit  is  due  them,  however,  inasmuch 
as  they  have  been  rendering,  at  a  comparatively  low  cost, 
service  which  would  in  many  cases  have  been  difficult  if 
not  impossible  to  secure  from  private  concerns. 

Finally,  the  writer  believes  that,  under  such  effective 
regulation  of  the  electric  light  and  power  business  as  is 
found  in  Massachusetts  at  present,  there  is  no  reason 
whatever  why  a  municipality  should  invest  in  an  electric 
plant,  certainly  not  in  a  generating  plant.  No  real  econo- 
mies are  likely  to  be  thereby  effected,  and  the  possibility 
of  loss  is  great.  There  may  be  instances  in  which  public 
ownership  of  merely  a  distributing  system  is  highly  desir- 
able. Yet,  this  form  of  ownership,  also,  from  an  economic 
point  of  view,  is  justified  only  when  private  business  can- 
not be  induced  to  enter  the  field  except  at  prohibitive 
rates.  The  day  has  long  passed  when  there  is  no  alterna- 
tive between  unrestricted  private  industry,  on  the  one 
hand,  and  public  ownership  on  the  other.  There  now  seems 
to  be  no  valid  reason  for  using  the  taxpayers'  money  for 
the  sake  of  doing  what  can  be  as  well  done  without  adding 
to  the  ever-increasing  municipal  debt.  The  burden  of 
proof  clearly  rests  upon  those  who  would,  under  the  cir- 
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cumstances,  advocate  a  further  municipalization  of  the 
industry  in  this  State. 

To  be  sure,  there  is  another  side  to  the  problem,  which 
must  not  be  overlooked.  While  it  may  not  be  desirable 
as  a  general  policy  for  municipalities  to  acquire  their  own 
plants,  it  is  certainly  beneficial  for  all  concerned  to  have 
a  State  law  enabling  them  to  do  so  if  they  choose.  The 
possibility  of  public  ownership  frequently  "puts  the  fear 
of  God"  in  the  hearts  of  those  who  might  otherwise  at 
times  forget  that  a  public  utility  enjoys  a  certain  monop- 
oly advantage,  granted  by  the  people,  and  for  which,  ac- 
cordingly, it  owes  much  to  the  people  in  return.  Further- 
more, a  few  examples  of  even  reasonably  successful  public 
ownership  may  act  somewhat  as  a  spur  to  those  in  private 
business,  causing  them  to  put  forth  more  effort  to  live  up 
to  their  opportunities.  Hence,  while  public  ownership 
might  be  a  questionable  experiment  to  attempt  on  a  larger 
scale,  and  while  it  has  doubtless  been,  in  many  cases, 
wholly  unnecessary  in  this  State,  yet  the  fact  that  both 
kinds  of  ownership  have  existed  side  by  side  in  the  past, 
has  probably  been  of  considerable  value  to  both  public 
and  private  business.  And,  at  any  rate,  the  study  of  the 
situation  in  this  State  has  afforded  unusually  valuable 
data,  which  may  serve  as  a  guide  to  those  who  in  the  fu- 
ture wish  to  municipalize  or  nationalize  our  public  utili- 
ties. 

No  attempt  is  made  at  this  point  to  draw  any  conclu- 
sions regarding  the  private  plants  in  the  State,  for  two 
reasons:  first,  those  companies  studied  are  scarcely  large 
enough  to  be  typical  of  private  electric  light  and  power 
business  in  Massachusetts,  and,  secondly,  this  is  meant  to 
be  a  study  of  municipal  ownership  and  not  of  private  enter- 
prise. From  the  data  which  have  been  collected,  presented, 
and  discussed  without  prejudice,  it  is  preferable  for  the 
reader  to  make  his  own  judgments. 

It  is  fairly  obvious,  however,  that,  upon  the  whole,  the 
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larger  companies  studied,  though  they  are  often  far  from 
ideal,  have  made  a  considerably  better  showing  than  have 
the  municipal  plants.  While  there  may  have  been  some 
mismanagement  and  even  exploitation  in  the  past  in  one 
or  two  cases,  there  seems  to  be  little  real  ground  for  com- 
plaint at  present.  It  is  also  an  open  question  whether  the 
recent  agitation  by  the  Commissioners  against  the  increas- 
ing central  control  of  lighting  companies,  is  now  wholly 
justified  by  the  facts,  unless  in  the  case  of  the  purchasing 
plants.  While  there  are  doubtless  exceptions,  it  may  well 
be  that  the  increased  skill  in  operating,  together  with  the 
superior  guidance  and  more  effective  bargaining  power 
which  are  thus  secured,  far  outweighs  the  additional  finan- 
cial burdens  which  such  a  policy  entails.  Frequently,  also, 
the  customary  regulation  may  have  induced  horizontal 
combination  in  self-defense.  At  any  rate,  the  writer's  in- 
vestigations have  led  him  to  believe  that,  at  present,  the 
public  can  in  general  hope  for  more  ready  and  intelligent 
service  from  the  plants  under  group  control,  'properly  regu- 
lated, than  from  those  independently  owned  and  operated. 
This  observation,  however,  is  not  in  any  sense  intended 
to  be  more  than  a  tentative  conclusion  on  the  matter,  for 
it  is  not  here  possible  to  make  a  detailed  analysis  of  all 
of  the  factors  involved. 

In  conclusion,  it  is  not  unfitting  for  the  writer  to  make 
a  few  suggestions  as  to  the  policy  which,  in  the  light  of  this 
investigation,  it  appears  might  be  profitably  pursued  in 
the  future  with  respect  to  the  conduct  of  municipal  elec- 
tric lighting  plants  in  the  State.  Two  significant  consid- 
erations present  themselves,  the  first  relating  more  directly 
to  the  returns  required  by  the  Board,  and  the  second  having 
to  do  largely  with  the  municipalities  themselves  and  with 
the  laws  relating  thereto. 

In  the  first  place,  the  returns  should  be  made  more  de- 
finite. The  Commissioners  should  prescribe  exactly  what 
information  is  to  be  given  in  such  a  way  that  misunder- 
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standings  will  be  reduced  to  a  minimum.  Too  frequently 
the  inaccuracies  which  have  constantly  annoyed  the  writer 
have  resulted  from  vagueness  in  the  requirements,  for 
which  the  reporting  plant  should  not  be  held  responsible. 

There  should  also  be  a  more  careful  separation  of  some 
of  the  items  in  the  returns,  particularly  in  the  case  of  out- 
lays for  labor  and  materials  which  appear  in  the  expense 
accounts.  The  companies  as  well  as  the  public  plants 
should  be  required  to  return  the  wages  which  they  pay, 
together  with  the  usual  hours  of  labor.  More  attention 
should  also  be  paid  to  an  analysis  of  some  of  the  simpler 
engineering  features  of  the  business,  and  the  generating 
plants  especially  should  be  required  to  make  more  provi- 
sion for  the  accuracy  of  their  records. 

A  really  uniform  policy  should  be  adopted  regarding 
the  capital  accounts  that  are  to  be  kept  by  the  municipal 
plants,  and  the  data  should  be  so  presented  that  valid 
comparisons  can  be  made  of  the  investment  in  the  two 
groups.  Tins  amount  should  be  pubhshed,  instead  of  the 
incomparable,  artificially  depreciated  "plant  accounts" 
as  at  present  given  in  the  Annual  Report.  New  construc- 
tion, from  whatever  source  the  funds  may  have  been  de- 
rived, should  be  treated  as  such  in  the  returns. 

All  plants,  both  public  and  private,  should  be  required 
to  work  out  the  more  important  relations  between  their 
individual  data,  physical  and  financial.  From  such  a 
policy  a  twofold  gain  would  result.  In  the  first  place, 
it  would  have  a  wholesome  effect  upon  the  plants  them- 
selves, as  their  attention  would  thus  be  directed  to  many 
vital  problems  which  are  now  overlooked;  and  in  the  sec- 
ond place,  based  on  the  information  thus  available,  the 
Board  might  well  incorporate  in  their  Annual  Report  a  few 
of  the  figures  which  would  make  it  possible  for  an  intelli- 
gent student  of  problems  such  as  these  to  find  out  the  more 
significant  relations  existing  between  the  two  classes  of 
plants,  without  being  compelled  to  wade  through  a  mass 
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of  undigested  and  uncorrelated  material  in  the  separate 
returns. 

While  all  praise  is  due  the  Board  for  the  effectiveness 
with  which  they  have  regulated  the  industry  under  dis- 
cussion, and  while  even  greater  credit  should  be  given 
them  when  we  know  how  "under-staffed"  they  have  at 
times  been  for  the  performance  of  so  important  a  work  as 
they  have  to  do,  yet  it  does  appear  that  their  system  of 
accounting  has  developed  in  a  somewhat  haphazard 
fashion  —  due  to  the  impossibility,  in  many  instances,  of 
securing  from  the  managers  of  municipal  plants  any  usable 
records  whatever.  In  the  returns,  perhaps  the  merely 
financial  aspects  of  the  problem  have  been  over-empha- 
sized, while  some  of  the  more  fundamental  elements  in  the 
case  have  been  lightly  stressed.  To  be  sure,  there  is  the 
danger  of  losing  sight  of  the  underlying  principles  as  a 
result  of  giving  too  much  attention  to  the  statistical  and 
accounting  features  of  public  regulation.  When,  however, 
such  studies  may  throw  light  on  these  larger  problems, 
the  effort  so  expended  is  not  in  vain. 

Finally,  and  far  more  important  from  an  economic 
point  of  view,  the  municipal  plants  should  be  required,  by 
law  if  necessary,  to  be  conducted  exactly  as  if  they  were 
commercial  enterprises.  In  no  other  way  can  the  public 
be  made  to  understand  clearly  what  they  are  gaining  or 
losing  as  a  result  of  municipal  ownership.  Only  by  sub- 
jecting these  publicly  owned  plants  to  the  same  tests  that 
are  applied  to  private  business  can  we  reach  any  definite 
conclusions  as  to  their  real  efficiency. 

This  means  that  they  should  sell  street  lighting  service 

to  their  municipalities  at  what  appears  to  be  a  fair  price, 

and  that  they  should  in  turn  pay  taxes  at  the  usual  rate.* 

1  Every  manager  of  an  important  plant  has  agreed  with  the  writer 
that  it  would  be  conducive  to  the  best  interests  of  all  if  the  street  lighting 
were  put  on  a  strictly  commercial  basis.  Several  have  also  assented  to 
the  proposition  that  taxes  should  be  paid,  when  it  was  carefully  explained 
to  them. 
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They  should  either  own  all  of  their  property,  or,  if  munic- 
ipal real  estate  be  utilized,  they  should  pay  an  equitable 
rental  therefor.  Further,  the  services  rendered  by  any 
public  official  should  be  estimated  and  charged  at  the 
true  value  of  that  service.  Probably  not  a  single  appro- 
priation should  be  made  from  the  tax  levy  for  any  purpose 
whatever  in  connection  with  a  municipalized  commercial 
enterprise,  after  it  has  become  "seasoned."  Such  an  in- 
dustry should  be  given  every  opportunity  that  is  ajfforded 
to  private  business,  and  it  would,  in  addition,  have  the 
advantage  of  securing  its  capital  at  a  lower  than  usual 
rate  of  interest.  But  here  the  pubUc  financial  responsibility 
should  end. 

If  publicly  owned  commercial  business  were  carried  on 
as  here  suggested,  the  writer  will  venture  to  predict  that, 
while  many  municipalities  would  be  dissuaded  from  plung- 
ing into  ills  that  they  know  not  of,  those  which  have  al- 
ready acquired  an  industry  or  which,  under  the  new  con- 
ditions, do  make  the  experiment,  will  be  encouraged  to 
bring  their  business  to  the  highest  degree  of  efficiency. 
Whatever  may  be  our  conclusions  regarding  the  desirabil- 
ity of  public  ownership  for  other  than  financial  reasons,  there 
seems  to  the  writer  to  be  no  disputing  the  fact  that  if  the 
attempt  is  made,  it  should  be  done  in  the  most  effective 
manner  possible.  Whether  under  private  ownership  or 
under  public  control,  there  probably  never  has  been  and 
never  will  be  a  time  when  the  best  results  can  be  attained 
if  those  methods  which  make  for  efficiency,  those  stimuli 
to  individual  initiative  which  are  the  basis  of  industrial 
and  social  development,  are  cast  into  the  discard.  From 
an  economic  point  of  view,  the  more  nearly  public  busi- 
ness conforms  to  the  well-known  canons  of  the  best  private 
enterprise,  the  more  successful  it  is  bound  to  be. 

In  parting,  what  further  light  does  the  present  study 
throw  upon  the  broader  problems  of  public  ownership? 
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The  stress  of  the  present  war  is  greatly  hastening  a  tend- 
ency which  was  aheady  strongly  pronounced  in  the  elec- 
tric light  and  power  business  throughout  the  country,  i.e., 
the  shutting-down  of  small  and  wasteful  generating  plants, 
and  the  consequent  development  of  a  comparatively  few 
large  central  stations  —  hydro-electric  wherever  possible 
—  which  can  keep  pace  with  the  economic  growth  of  the 
industry,  and  thereby  conserve  for  other  uses  our  supplies 
of  fuel.  The  electrification  of  practically  all  means  of 
transportation  is  probably  not  far  distant;  the  use  of 
electric  current  will  eventually,  no  doubt,  displace  other 
methods  of  heating;  our  factories  will  depend  for  motive 
power  almost  solely  upon  central  station  generation.  We 
are  on  the  threshold  of  marvelous  possibilities  in  the  art. 

But  in  the  meantime  much  experimentation  will  be 
necessary,  great  risks  must  be  run,  many  failures  will  en- 
sue. The  problem  is  fundamentally  too  vast  to  be  bounded 
by  the  confines  of  any  municipality,  with  its  petty  dema- 
goguery  and  the  jealousy  of  its  neighbors.  No  unit  smaller 
than  the  State  could  possibly  deal  with  the  situation.^  But 
would  the  State  prove  equal  to  the  task.''  We  fear  not,  so 
long  as  human  nature  remains  as  it  now  is.  Under  demo- 
cratic institutions,  the  larger  the  governmental  body,  the 
less  economic  and  the  more  political  it  becomes,  and  the 
more  energy  is  wasted  in  accomplishing  little.  To  blaze 
the  trail  is  the  work  of  a  select  few,  not  of  the  people  en 
masse.  The  electrical  industry,  as  all  industries  which 
reach  their  perfection,  will  be  developed  by  personal  gen- 
ius and  individual  effort,  urged  on  by  the  desire  to  serve, 
no  doubt,  but  more  potently  stimulated  by  the  prospect 
of  material  rewards. 

What  part  the  State  and  the  National  Government 

*  There  is  at  present  a  bill  before  Congress  to  provide  for  the  per- 
manent development  by  the  Federal  Government  of  the  hydro-electric 
resources  of  the  country.  Some  States  also  have  discussed  similar  meas- 
ures. 
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will  play  in  our  future  industrial  life,  cannot  well  be  fore- 
told. The  more  primitive  stages  of  civilization  were 
marked  by  minute  regulation  of  private  affairs.  The  indi- 
vidual was  submerged,  while  the  ruler,  or  his  representa- 
tives, was  the  chief  entrepreneur.  Such  an  extension  of 
state  activity  to  commercial  undertakings  does  not  ap- 
pear to  be  compatible  with  freedom  and  growth.  The  most 
autocratic  of  civilized  governments  has  until  recently  also 
been  the  most  active  in  industrial  enterprises.  Could 
it  be  otherwise.''  The  present  world  struggle  is  forcing 
others  to  follow  suit.  Will  the  coming  of  peace  bring  with 
it  a  fuller  realization  of  the  dreams  of  the  socialist,  or 
will  the  former  conditions  be  restored?  Public  owner- 
ship of  some  producers'  goods  may  eventually  become 
more  general.  We  must  not,  however,  be  unmindful  of 
the  fact  that,  when  the  war  is  over,  people  will  again  be 
actuated  by  the  old  individual  motives;  most  of  the  exist- 
ing urgent  incentives  to  unselfish  group  action  will  cease. 
Business  now  carried  to  a  reasonable  degree  of  perfection 
by  the  public  powers,  will,  if  retained  in  public  hands,  be 
in  danger  of  rapid  stagnation.  Whatever  the  sequel  may 
be,  this  modest  study,  as  well  as  most  careful  and  un- 
biased investigations,  points  to  the  conclusion  that  as  a 
rule  only  the  simplest  and  the  "well-seasoned"  enterprises 
are  at  all  suitable  for  public  operation;  and  even  these  are 
in  grave  danger  of  becoming  less  efficient  than  they  would 
be  in  private  hands.  Though  political  expediency  or  social 
necessity  may  sometimes  momentarily  outweigh  all  eco- 
nomic considerations,  it  still  seems  inherent  in  the  nature 
of  things  that  private  industry  must  continue  to  show 
the  way. 
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STATISTICAL  APPENDIX 

NOTE 

The  following  statistical  tables  cover  for  the  different  plants  the  more 
important  data  which  have  been  summarized  in  the  text.  They  have  been 
arranged  with  a  view  to  presenting  in  a  readily  comparable  form  those 
relations  which  are  ordinarily  of  most  significance  in  a  study  of  this  kind. 
For  the  reader's  convenience  the  order  of  the  preceding  chapters  has 
usually  been  followed.  The  composite  plants  (gas  and  electric)  have  in 
practically  all  cases  been  kept  separate  from  the  other  generating  plants, 
so  that  individual  differences  can  thus  be  more  readily  studied.  Because 
of  the  relatively  large  size  of  Holyoke  in  the  one  group  of  municipal 
plants,  and  of  Norwood  in  the  other,  it  has  been  necessary  to  give  the 
totals  and  averages  both  with  and  without  these  plants. 

The  fully  weighted  arithmetical  or  "group"  average  is  used  in  all 
cases.  Accordingly,  the  unit  cost  and  unit  income  are  found  by  dividing 
the  total  cost  or  income  of  a  particular  sort,  for  the  group  of  plants,  by 
the  total  number  of  kilowatt  hours  generated  or  sold  as  the  case  may  be. 
Other  averages  are  found  in  a  similar  manner.  For  purposes  of  compari- 
son the  current  supplied  by  the  public  plants  for  street  lighting  is  in- 
cluded with  the  current  "sold,"  even  though  it  is  not  actually  paid  for  in 
the  commercial  sense.  When,  however,  there  might  be  any  possibility 
of  doubt  as  to  the  exact  meaning,  the  term  "delivered"  or  "supplied" 
is  used  in  place  of  "sold."  Furthermore,  if  plants  fail  to  report  items 
which  it  is  clearly  known  should  be  reported,  e.g.,  the  connected  load,  the 
averages  are  naturally  computed  for  the  remaining  plants  only.  Also, 
when  the  returns  for  1910  were  found  to  be  incomplete  in  certain  points, 
the  data  have  in  a  few  cases  been  taken  for  the  following  year.  These 
and  other  irregularities  are  duly  mentioned  in  the  footnotes  to  the  vari- 
ous tables. 

Finally,  due  to  the  difficult  and  complicated  task  of  copying  the 
basic  figures  from  the  retiu-ns  and  putting  them  through  countless  oper- 
ations in  order  to  present  them  in  their  present  form,  it  is  inevitable  that 
minor  errors  should  have  crept  into  the  work.  The  process  of  printing 
has  added  to  the  possibility  of  mistakes.  Great  care,  however,  has  been 
exercised  at  all  stages,  and  every  attempt  has  been  made  to  verify  the 
results  by  different  methods,  so  that  any  discrepancies  which  remain 
will  certainly  be  insignificant.  For  these,  if  such  there  be,  the  author 
craves  the  indulgence  of  those  readers  who  are  sufficiently  interested  to 
look  carefully  uito  this  Appendix. 

Note.  The  footings  of  the  various  dollar  columns  will  not  always 
coincide  with  the  sum  found  by  adding  the  separate  items,  due  to  the 
fact  that  the  latter  are  computed  to  the  nearest  dollar,  while  the  former 
include  the  cents  as  well. 


A.    STATISTICS  OF  GENERATING  PLANTS 


CO 


H 

;^ 
p 

;^ 
o 

c/2 


s 

o 

a, 

e 
S 

ft, 


^ 


o(-o>t-iooooMmoio 


»-■  >0  CO  C^  (N  C< 


»-ti-t  rt        ri  CO  C^  l5 


lOlOO© 

cs  r-  C3  o 

00  1-1         lO 


OOOt-OJOCOCOOOOCOOt-t- 
♦-I  T-l  tH         »-i  »-l         r-«  c5         f-(  CO  ^  ^ 


O  u^  t-  o 
-r  t-  o  lO 
cn<-i      CO 


'  r-l  -  Cs| 


iC>  O  O  T-^O  Oi  to  lO  O  r-l  CiD  Ci  O  O 


SOOO 
to  CC  CD 

c:^  CO  r-.  io 


r-  J) 


ioocOTj"j<t-rMeO'a<i-i«5C3iOTj" 


oooo 

t- CO  CI  r;^ 


C4  :£) 


cocoeoioeo^eO"!j<'*iM^eOTi<oo      cdmcjco 


'•■S 


■^tci 


'J"  O  CO  t- CO 'i' <N  CO  NIN  >*  CO  CO  CO         IOiMCOtJ< 


coco 


C4COIOC^COO)0*i-(-^r-IC^iJ'CO'3< 


lO  I-  lO  O 
CO  00  <N  CO 
00         <-lO 


00»OCOCOOO-+*OlftOCOCOOOO 

ot-oococicitcioocorHinf-too 

(?4COr-(riC-IC^rHi-.C4'-lC^Tf<IM'-( 


C-.  C^l  lO  m 

ooas  ^i  C5 

CO         1-f  ^ 


lOinoiocoooooc^NOOo 
ci  ci  lo  X  irs  en  o  00  o  1-  o  o  czj  lo 

C0O10C105C0C0C0C-O00C0C0  00 


rH  lO  O  O 
00  CO  uo  c^ 
0_-*  (NOO 
■*"  rH 


mooomiraoiooc^e-jooo 

C0t-lOC0O00C0^^(N00C0C0l0 


oeooio 

<M10  Om 

ooioc^-* 
t-i     CO     ■"sT         rt 


!MO0 

jnco 


•^ 


CO  CO  CO  lo  CO  "J"  CO  "i"  ^  05  •*  CO  >*  Ti<     ooioe^eo 


CO  <N  CO  •>*  CO  ^  ti  CO  M  N  ■*  eo  CO  CO     t-ece<ieo 


lOcO 


t-cor-iQco»--«oo    'lo    'OiLOt'O      oc4i5o 

COOSNIOCOIOS     'io     -TIICOCOO        O        <Nt- 


CO  t- 

ta  lO 
coio 


CO  lO  (M  CO  CO  l5  CO  •  lO  "t^^COOi   ^»-iC<^ 


8 

I 


CO  Tjl  CO  CO  CO  CO  CO  -   ■*  S.   CO  CO  CO  CO        O  N  (M  CO 


o 


o 

o 
o 

w 


■S  ««cS 


=  5 


Oi  CO 
O  00 


:S 


COOi 

CO  -H 
COO 


(MO 
t-  CO 

o  o 


lOCO 


CO  00 


<N  I:- 


CO  ^  CO  ■>!<  CO  (N  CO  CTtJ"  s7~(m  eo  CO  CO 

Tl'rHCM'* 

in  CO 

to  CO 

o 

W 


><3 


(D 
<^ 
A 

<N 

■3-2 
§§ 

00 


ca 

a 

0) 

a 

s 

t; 

bO 

caeo 

o. 

OJ 

Q 

^ 


^ 


^  5) 


__  a) 

'■SQ  . 

CO-   >> 
port 

t> 
'3) 

o 
n 
(fi 


a 

&^ 
M 

oo 

(M 


.s 

o  g 

I'  ^  o 

2  60^ 

3  3Q 

CO    O" 
CD    t-i  ^ 

OS5 


V3 

OS 
CO 


o 


g 

a, 


oi 


^   ^   O 


go: 

5&5 


Si 


f-~\  rf .  r  -.  /'^-\  1-^  i~r-    /~\  rv^  •  "■    — i  .-^^  i 


O  LO  Q  f-  O 

SO  O  O  r-t 
CO  O  *-t 


«l'C40^MO«OC100(N 
tHC^T-li-iT-tT-tCA(NT-li-lr-it-l 


•  CO 


in 

en 


o  OS  ■*  o  o  o  %Ui  o  o  o  o 
'^  »  O  C-S^vp  C)  OT  "^^t^-  '^^f"  "^ 


StOO  0<M 
t-  O  O  r-( 


rH<D 
CI  CO 


O 


Oi  o  in  o  ^ 

Til-  OlOCO 


(M        ,-1  ^n        M 


So 
in 


in 


m  0*0  t-iNcocoocicot-iH 


CO  *n  CO  CO  CO 


o 
en 


m  C5  in  o  c^  CO  ^  in^  o  in  rH     oo'^incoin 


cain 


in 


coinocoe-)QoiMScoc-)in 
«*QOc^t^^i-<cOTi<in^intH 


ocoocoo 


o 


O  CO  00  rt  t— 
CI  C^  O  C-1  T-f 

■<i<     CO  in»H 


•A 


oooooiOininoooo 

est— OC^OOCJrf-^OCOCvO 

cr^co  in^co  tj<  -^f  o  ■^c^'^^t'  co 

i-Tin^C^  rHT-TrHCOCO" 


O  CO  o  o  o 


inooocsinicinooC'O 
cnooot-cOTi-cioCwioo 
t-  co^t-  o^'i*  ^  CO  in  o^co^-^co 

CO         CT  r^r^T-^r^i-^ 


in  C5 1^  in  o 
I-  C5  93  ci  o 

Cl_»-i  C^  i-^CO 
r-T  CO 


CO'*  CO  CO"* 


o 

OS 


MCOCOtOCO 


§t^oooooooooo 
inooininooooco 
in55Tj«o»-'COOic<ioor-t 


o 
en 


inoinoooQQOOO 

t-^c^oininooinoin 
cococoin^cocccooo-^ 


OJ 


^o>c^'i<»-<ciTi<o-i<-*co; 


in  c^  CO  t- in 


o 
o> 


I 


cOt-M'i<i-icjTj<'*cO'*eo; 


■*c^cot-co 


>»o  ®  'iJ  Ss 


is -a 
3  rt 
o  ® 

as' II 


§§"§ 

yj    ,,    C3    U  4a      !    C3  fC 


—  « 

5-   OJ  ^  ^   >, 

■    (5    (h    rj 


•o 
■  o 


1-  CI 

C.  CO 


r-  CJ 


to  CO 


en'-'? 
in  CO 


00  00 


000 

en  -H 

t-  CD 

oT 


H 


Bigg 

ifi  —  4a 

■^   -4J     O 

^   O   fl 

SK\4 
go  in 

I 

„  •c  cu 
1^  ::2 1— 


■a 

*  •! 

»      3 

^  <u  a 
•So:  CM 

CO"  a 


in 

si® 

°.Efl 
^■"■"■ 
§  =  § 

(-0      "^ 

OJlC  o   o 

^  ^  ^  O4 

V 

o 


O  Kt^    OJ 
O  *^    fc- 

oSo2 
S^2  « 

e^  '^  "T  t< 

COS  a 
—  a      <s 

■0-3      '^ 

S.S   .0 

O    OJ    DQ  "^ 

t;  a?  c:  o 

a  j3  oj  ^ 


'■O 
CO 


a 


M  to  C35  O  lO  Cjj  Tf  0>  UJ  ci  C^  00  >0  C<i        "*  t-^  i-<  O 

t-.iSt^oot-;Dt>-iot*t~-oOQOt-t*     oo<;aooo 


■*  T-<^«5  O  •<!<  ^  «  CO  I 


r  *-  ^.  >.5  00  C> 


C)  OS  O  OT 


N        rl  rH 


o> 


2iH         S' 
OOO        00« 


05 

I— I 
1 

l-H 

OS 


o 

H 

B 


4 


moocoe<50corHU5«)'ri<ei5oooo> 
THCoodc<3McoeocOMot-iO'*io 

(MCOi-irHC^llMiMi-KMClr-lrlcilcJ 


iooo;ototfc:SS?22^'^'<'5OT 

CiOl-*^OOOC3C6^COQ»^T-IO> 

o  o  oo^T-^io_o  Ci^os^OT  o  ^  oi  11  f  5 

oD  io"t~  t^  t^  o  (-- t^-^^o  t^^o^  ^     c^, 

IH  CO  »-l  CO  "-I  r-i  e<        »-IOtlM©        t-' 


05  t-Oop 
00  t-  ^  00 

oTcJoT 

,   •-•ClO'l" 


CO     •        lO     • 

S  :    ti  i 


E5^    S?' 


_    CI 


a, 


V  -M  -i* 

OhIS 


ioe«-s;eo«5©ooinTj<o5ioiooi-i 


Ci-aii-ir-i 


§t-Or-l©rHCOb-OOOCDOO^O 
■^  Tj*  oo^oo^c^oo^os^t-^o^p^o  r--  o 
CO  00  o"  cT  oT  lo"  i-T  od"  (>f  ^  co"  cTod"  t-T 

eOOMlO        CH-<t-i-l  rl        00 

rH        i-t  rH 


CO     •        rH 

CO  .'     CO 


gsss 

•<*  ^  coia 

ooorfco 

rH<M         rH 

CO 

rH  00  rH  rH 
C0!0  lOCO 
^_^<3>        03  CO 


•3  .'"1 


laoococ 
"Oioc^  ir)c 

CS  00  t—  CD  C 


s\ 


.  _  -     -     -t  O  Tt'  CO  10  »o  < 

SCI  1  ?1  15  O  rH  CO  3  < 
iOCDt1<COOSC^COO>< 


C5  05  rH  CO  t-  I 

C3  !^  CD  C5  C?  7t! 


rH        rj<        CO  rH 


CDrH 
OO^rH^^ 

c-fco 
r-  CD 

t-rH 


O>00 

si 


•H* 

.10 


■  rH     .CO 

:»  :cd 


:S  : 


S 


•0» 


:S 


o 


coco 

COrH 


S  CO 
COrH 

of 


1^^ 


inoomopQcoooinoscoo 

int-'^l~OCOiQcSOlO'-Hff5iMQ 
rHiOO  r-^OTrHCD  T)<_^00O>^t-;^t-^CDCO 

oTcC  rH*  CO  I^Ti5"'*"cr  H^CO^  CO  i^Tcs  »A 
OOCDCOC^rHtNQOrHlOOOO 
lOmOOOIOTtl'^COCOCM        0505rH 


ocoi<co 
Lo  oo'Tf  oT 

trico  t-m 

Tl"*"  CD 


rH         •*         CO  rH 


00  CO 

coo_ 

00 -^ 


COt}< 

CD  y^ 


t-rH         OrH 

r^  CO 


i| 


J3 
tie 

p 

s 

.    01 


■o  S  «: 


•3.2  fl  a'oa  & 
Cja  o  =s  3  — 


.3  'i-M  >,^a 


I     13"  a  Q 


*   4J  ^  'O    fl 

'  5;  «  t«  3 

O   (B    OJ    d 


i!  •«  o  5  Ji  ^  S.iS  w  «  5  S  ®  d 


Cao 

,  3 
o    . 


«3 

3 

o 

o 

J.  ® 
H 


o 
>. 
o    - 

I  g 


OS 
CO 


c 


ft-  So 


«5 
r-* 
OS 
I— I 
I 

T-H 

05 

1—1 

H 

o 

H 

H 
P 
O 


^^ 


s 


s 


s 


*?^: 


I 

CDt'OOt^CDOOOOOOOiOOOOOO 


OSM»J"lOO 


lO  ITS  ri^  C  r  CO -1^  O  CD  IC  T*r  oT  OS" 
t^OCOOOlO^CDl-iMlAoOC^ 
00  CO  O  rn  lO  <0  C^CC  00  <N  ^^^ 


t-C^  b-00  00 

QO  lO  r-  Ci  ^H 

lo'cOTfTirfor 

00  O  »-<  O  tN 
.-I        Oi-HCO 


U5i-iom<NOt-eotomi— ^ 


C0a;l-;t-;O 

.-<■  T*  irf  CJ  o 


^0000'1*0'tCO«»0  0«ia 

S«SoOi-i^OOCDC-)OOIN001< 

1-H  CO  ^  o  iAM_os_>->_OT>n  o^oq 
oooOT'r-^'oTcN'cT'to'oo It  t ' 

CC  »         NCI         rH  C^l  t-l  Tj*  O 


ooo  mt-OCO-H 
cTrH  rH  CO  CO 
05  rH  OS  03  CO 
IN        rl"* 


mooiq(NCD«oi-;Coe^t-:^»^ 
^oi  o  o  t-H  o  1^  t^ '^ '^     '^ 


oooOToqo 
eoeocioo^ 


t- ■*  d"  ff' 2  e^  CO  CJ  CO        CD 
lot-  S  O  CO  C^^O^CJ^O  O  c^  lO 

oTcD'co'eico  "jrcDejcocD      lO 

00  T-l         CD  rH         'T  l/t  C^  ^ 


•1*000  GS  O 

00  O  Ctt  CO  o 


'5 


too 


:i  »S  t-  o  C5  ^'^'"l.C'i'^^'^^ 


rHCO 


m  Ci  CO  I-*  CO  00  I—  'M  C5  < 
»0  »0  00  t'  iC  o  o  t-^^» 


in  <M  C^  O  t— 

CO  ■r^  -Mfi  05 

irToo'io  crTTH" 

t-  t-  ^  C5  CO 


C<     -co     •lOtNt-^  •  ;  ;  ;C0 

.  CO  t~-  CO  >  .  •  '  <o 

ooo         »n  O  1.^  CO 

CO  ^  o  •  o,co  co^  ;  ;  ;  ;  *^ 

ii^     ^  !  cTt-Tco"  I  '  I  I  CO 

^            *  SioS  '  *  'co 


C^O'^000*f«OOOOlOO 
OOCOlOCOCOO'—CiOOCOOO 

CO  O^ M  O^ C\ CI C]^  —1. c- J. ^^ c. t-^ 

cT  i-T -H  f-T -iT  fo  CO  in  oT  i-T -1^  CO 
t--  I-  C-'  tn  o  a:!  o  oj  I  -  c  I  ai  o 

C^OlCOm'-Ht-O'Ot-O^ 


irToo  »o  CO  »-^ 
t- 1—  »-•  ^  o 
lO      c^oco 


1-1  CO  »-H 


T-H  c^  ^  c^  c^ 


J=5  Is  « 

"  «  S  2-S 

©  .iii  S  3  c* 

-    -  "  o  '"  ® 


a 


i  ??s 


"«)-<!«  o  o  ij  tJ ;?;  fL(  o"?  p 


?  «  te  1^  ® 
t*  ts  >^  t  fl 


CO  I— 

coco 


CO 
CO 


Olffl 
1-1  <?I 

t-oT 


'I' 


00  OS 


§§-" 


a 

o 

3 

o 

a 


lO 

to 


CO  00 

00  e^ 

coco 


oco 


«  5 


CO 

o 

CO 


8 

c 
a, 
s 


«J  o  « 


V 


^^ 


t  I 

I  O     *  O  CC  o 


J 


IgQO 


o  n 


.  00     .        .-3 


S 


00  -^ 

(-co 

CO 

«5 

t— ( 
05 
I— I 

I 

rH 
05 
l-H 

H 

P^ 

O 

W 


^^1 


!1S 


^ 


I        I  I 

^  CO  1-1  to  Tl<  rH     .  CO  1-t  lO '^  CO  l-H  iO        CD(Nt-i-* 


5  (M  C-1 IC  1-1  Ci 

^  C^  ^  O  ICCI 


•*<  m  <N  t—  "1*  I—  w 

^  o  CO  ro  4*  cc  r 


I.--1   ^^  \^   lij  V  <  ^-^   ^^   '.'V   i-J   T  U^  (—» 

fO  CO  C-3,-^^-^  .  O^O  O  C-^CC  1-- H^ 

' ':i  iO  CO  <^ 'V  ;  •t'o"oo''r-^o.-r-i< 

OCOCSCSb-  .-+<M00-*OC0'-" 


■cocoas 


i;— I  c^  uj  t.^  r--     .  -T  Ti  uu  "T  wj  cj  >— <        vi 

n*  ll  C0^1-l  TH  ,-1  (N  «-i  1-«  O  »-! 


Ci  O  CO  ^ 

o  o  .-•  ^ 

cT  CO  t-^t-^ 
CiXCOlO 


+ 


CO  t— 

c^co 

00  o 
lOCO 


I 


I  III 

coT);o5'a;iniNeot-«D«cocoa5io 
cicot-^toot-^ioe-io-^oooiei 

C<3CO<Nr-l<Nr^TliC<-*C^(N>-i<NCl 


CO -^  OS  00 
oi  -^^  ^  lO 


s 


05  0  00CO  to  ©'!<-*<  moo  ^00 
CO  ^  O  t-  ■*  CI  O  'J3  CO  -H  O  C-1  IS 

^' -f-HCjimaiOTfioOco^ 


COClOCOClCr^C-IOCSt'OCOrfcO 
■?fOOCOOil:--fCOt:-COi^coOt-. 
r-lcOt-iCO  rH         C^         T-i  C^  C^  O 


OCO  t-CD 

O  lO  O  CO 

co'c-f'*  i-T 

O         rH  Tl< 


^-o 

o  o 


00 


(-» 

ICOO 

cOi-T 

r-  CO 


t 


!35 


I     I 

OO  CS  lO  (N  rH  la  "^  00  OS  00  O  rH  1-H  00         lO  rH  0>  rH 
O'^'cOOrH^rHrHciOrHrHrnrH         rHCOr-ic^ 


tl  O  O  C-5  CD  o  o»  m  -t  O  I—  <M  >*  t— 

m*«;rH0-)<0C<JC20lM-|<«rH 
CO^  irt^  O^  CO^  C  J^  0_  Tt^  t-^  C  J^  C  )_  C:^  rH^  CD^  C^ 

COh-^COCO  lO  «r>a^CO  cTrHIOO  - '-" 


0005IM 

rH  IOCS  rH 

ic  c5  00  CO 


rH         O 


00  1(3 

C2  CO 


coos 

O  '/D 
O  CO 


pas 


153 


I    I    I 


»'-OCOOOfM(Mr*COOOCD(NCOO 

CO'X!':,3-tiO?Ot'OOCiOOClt-"i-i 
CO  i/5^0  cot—  -t't— OC^cC'TfCil— 30 

lo  c<r co"  t -^ cd"  c- f  o"  TtT 00  h-^  ^ -jT cT  CO* 

■^CMCOCO»CiaiC^-fOC<IOOOOUO 
C<»  CO  CO  (M  r-i  C4  ^  rH  CM         r-»  CO  04  CO 


lO  C0O5  -H 
CO  Ol  CO  o 

coci"o"o 
CI  CO  t--cr> 

r-1-.  rHCO 


CO 


OlOO 
CO  m 

eoiM 


■^00 
COCO 


t 
•I 


"!r  ir  o  3^  $ 


•  bo 

:i 

'^  <o  ^  *^     •     '     • 

-'  .15  a>  fl  _^  'd  a  p 


•3.2  o  a-i^  t  a'S  fc-S-S^  S 


P 
■  o 

'     fc'd.rH 


WSE 


3 

o 

SI 

o 

w 


o 
"3 

I     g 


05 
C5 
CO 


»0 

T-H 

CJ 

I— I 

I 

1— ( 

C5 

W 
P3 
P5 
P 
Q^ 

P^ 
O 

m 
W 

<: 


a 

a. 


S 


e 


■« 
.i^" 


s  c 


'5o 


^^1 


? -3-3 


fe;-§ 


I 


•  ?5  «0  t-;    •  (N  W       e» 

I  lO  «j  OS    !  rt  o      i^* 
.11  .  >a         i-i 


(~  O  lO      t-  o  o 

CO  .—  l.O        O  C^l  o 

•  o  o  o  ■  c^  e>f  i-^ 

•  Tt*  ^  I-  •  -^  <£) 

•  CO^  r-  ■  .-I  14 


I 


I 

T)<  T)<  t-H  OJ  IN  ^  .-<  CO  t-;  e^  to  00       ^    -OOCqi-; 

OO        04  lO  lO  O  Tj<  Tj*  CO  C4  lO        tH     ,Ti*-# 


O^Oc:nO(MC>»r5-t"i-<00 
00  in  0O^Ci_-^CC  O  1-H^OO  t-- 00  (--^ 

t-^ -1^  7  r  t-T  co"  iri"  cs"  o -t  co" -r  t-T 
OiocCT-ioo^vt'C^oooir^ 

«>U5        eO<MCO'*«50000Tj<<N 


•^O  CO 


*  L*  ii  -M 


CO©«D(NCO  t-35  OOOXNCO^        O  ITS  t- O  CO 


r+ic-it-ocoiar-'O^c^Ti^io  -----       - 

CO  00^  rH  t^  C- J^ -l*^ -^  t- 00^ -ii*^ -1H^  0_ 

oo't-'t-^coi-^'N  t-To'ioo'cf--  o 

O  O  to  C5  lO  (M  t- CO  (N  Q  00  CO  O 

C4        C4  1-10)1-110  00 


CO  CO  1-1  CO  CO 
~  C4  CI  Ci  CO 

eoo4 


coiocoo5mo»t-;cot-^cDO»eo     ^inio-^co 
cJco'wt-It-I-fioicit-^odc^TH      iricNi-^ooi 

•-ilM00^CO-3«i-lCOCOCOO4CO        COtOClOlOO 


CO  iNOooc5inocot-05coco  i*c^eoom 

(Mt-.-iC-)-l"t-OT^COCOOOi  iSl^Ol-t- 

i-^t-- COOi  CO  C5  O  O  O -^in  Tjj^  t^O^OJ^CD^O^ 

of  o"--iH~o~t~^ia  cTcT  go"  o'ocT  cToTcot-^o' 

O'#cot^0t^ooiooot— oco  r^cOi-i-^'-o 

TH  l2>  T)l  10  <N  IN  (M  O  O  00  10  1-1  t-        !N0O(N 


^     O     !.     ™,  W 


-2  o-jj 

-a - 


a 
3  a 


'3 


s  ®  g  sts  •  as  a  a  E" 

fl«2o<»»o{;  e -S  £".3 

w+»  3.1  t..  gj  ©  oji»3,c;r^ 


CQ    >>3tS 


-I' 

J^  a  a      d 

IC  N  "T  W   5' 

>s  ^  fc  a 


111 


(N  00 
CO  1- 
O  r-1 


coo 

1-1  o 

d'co 

CO  -< 


00  CO 

CO  Ci 
CO -11 

co'i-o 

CJ  o 
■S<  N 


<a 


o 

03 

w 

o 
la 


01 

13 

3 


CO  t- 
(NO 

o'c? 

OD  ^ 


0) 
c« 


o 
o 


in 

1—1 

Oi 

I 

o 

r-l 
05 


P3 


O 

H 
P 

Ph 
Eh 
P 
O 

;> 
I— I 

H 
<1 

Pk 
O 


ii 


oe^-;50«o^50»ooc«5oo^50© 


T*<  '-I  o  o 


<5 


to  ic  cJ_o  CO  o^»  o  CD  in^i- c^_^cc  (m 
T-TMoo'f-riCoowc-'oo'o'.-rto.-J' 

rt  0>  11  ^  iH  1H  i-l(N  e<         rlMNi-H 


05  lO  t— «0 


SIS, 

0.-1 
00  oo 


n'ocorir-^iOQoocst^OrHTfui 

i-lt-lOeiC»(NC5cOrH,lCOCJC<ieS 


•^lopin 

»-IC0r1^ 


^ 


-<lOt-0»C<HDOS<M 


m  ^^lOlO^  t^cJco'rt'T-rcrQ'iOT* 
^coioocotoiaooo^^iScoeJi 


"tl  35  05  05 
lO  ^  -i«  OS 
r-O^COCO 

^co^co  of 

O  <H 


§8 

CD  00 

e4" 


.-1  CD 
0.0 

T-Tcs 

«*  00 

ccco 


too 

t-00 


1 


4 


OlO'l<005-<ejwOlMlQOOO.-rt 
CDCDlOCO'1?lAC0r'l^Cl  (MQ050 
Tj<_i5  CD  ^_^in  lO  00  CD_^^__-*  r«  S  1-  « 

t-'iffl^cocDQ^'iTco't-^in"  la-tcf^ 
cob-oo«»nL^^ogcou5Tt<coooos 
^•-iC0Or»"Tr«C0«D»-il0t-c0  05 


.-c^OOQ 
(MOOCD  O 
Tl<CO  t-  t- 


co»< 
>no5_^ 

05  00 
05  00 


f-i       C«       f-i  ft 


>^-050t''^05CO'#ClcCO"1* 


eo      cDoo  cOQ 

M        CT  CD  (M  O 


SOOrH^-J^C^CD-l'CiCDt'ClOCO 
OOCOCSt— OT-^00505t— T)*^00 

ctj^Tfiococ^cicoTiir-ieqiOiooo 


CD  CO  in  rH 
"TOO  cocr 

l^CD  (>J_C 

Moo  CO  CO 
C5  »-l  tH  00 


coco 

00  T-l 
t-lO 


00  n 

C5  05_ 

coin 

00  CO 

eo-<*i 


11 

CD  00 
t-05 


t3 


!? 


lO 

o> 


o 


mpomooocoooiooocoo 
irso-t^t'Ocoirii'OLOioc-Jcqo 

'-^p^C5^^05_CD_CD_CO  00_O5  00  t-  CO  CO 

m's^^cot-f  i-^-*'©  ^fcoioinos'io 

05C5C0C005-tCll5pt-tC0l0Olft 

iaooomio<OTi<coca?4coo505,t; 


8  CO  in  CO 
t-O-f 
-"  CJOOO 


looooin^in 
cf     of 


050 

cow 

OO^rH_ 

cico 

t^  CO 


<  in  y-*^ 

Ting 
5  co^iS  t^inc^cs^QDC^cocbcDio 


C-l  O  r-O 


I~IM  OOCO 

in  t^  CI  in 

05(NC)05 


O5  00 

COO 
C5  05 


C5-.        CJr, 


»<oo  -<  o 

05  00  w  O 

■^■^  ■*  o_ 

0)in  in  c^ 

^H  CO  *^  ^ 


■3 

t 


-a 


J3 
bo 

9 

o 


g 

Mi 

o 

"3 


o 

wg, 
I  2 

H 


o 


»— I 
Oi 

l-H 
I 

o 

I— ( 
05 
I— ( 

H 

;^ 

o 

P 
Ph 
Eh 
P 
O 

W 

I— f 
H 

<f1 
P5 

o 


4 


"a 


!| 


Oi 


o 

OS 


o» 


o 
o 


'*<Olftt-OOCDTt*^QOC^t-IO 


t-;^CO -^O^C^iO  O  CO  o  in  O  *3< 
of  CD  (m' o"  CO~  5D  o"  oT -hT  o" -r  CO" 


00  O  IC  (MOS 

Tt<  to  «5  lo  t- 
CO     em 


oin      c■3^•ooOlr^oo•1<c■^ 


wosoo  t-^id 


00(NC^COlA«Dt— OCOf-it*<C5 
C3^«D  ^  ^,''l'1.''i'^'~ '^  '-'  '- 


—  Tj>  O'*00 

00-1^C0OO 

t-^«0<NOC0 
to  ^OCi 
<N        i-it- 


O'S'tSMS^QrX^WOOiMt- 

CDCOCSC-lt-l^QO'^t'OmtO 
CO  t-^?l^t0^0_0  tc  t^C-).tD_CJ  o 

i^  ic -r"  (^  i"  co" -^  Q  to  u^ -^  of  c^ 

t— QCOCOlitt^-itOt^ClWOOC^ 


00  ir:  t—  Ci  ^ 

OOC1>OCO_-H 

IOC<!'-)<"u:5"c4' 
00  CO  »-<  1^  c^ 
y^        ©  r-  CO 


'j'inpi«'-ioiocoot--cow 

CC"Ot^C000-t<tOt-00'^O 
10_C0^O_l0  t^lO  in  CO  '^  to  t—  c^ 

co^QQcocfcTeTo'i-^Tirio 

OJQ"aiSt-co5^i-'CO>-i'*t- 
co  m  ^-^t*  iaf-<^t-'b-Ooo»H 


CO  00  05  Q  OS 

ooio  ioiS5> 

r^-H'^-TTi^co 

.Jtoc<5  r~M 

CO        COM  -< 


aj 


0'H_t-.CDC^t 

in" -h"  ^  f-T  to"  o  ^-H  o  o"  1-7  ■<^"  t 

§£-q;CTco>-ioooos-cJoc 
_o  lO  in_oo  t-  m  o  o  i- to  i 

i-«  CO  t-T    ei"cr»-rc4"c^ 


CO -H  -K  in  OS 

.-i^t^OS^OO  l~^ 

inooiooc'r^" 

I- t-»HOS  to 

»n  cj^o  CO 


oo-HOcoe^e-io^-coosQ 
ci-t<c-)-Hi-nnc-it-ooooo 
in  os^i-H^o  r^t^6^^^^  o  oo  o 

•n  CO  ^^  t^  o  •!<"  CO  to -^ --T"  .-T  ^ 

8c^toosc/)r-»nincooc^ao 

•^  <M   *^     f-T^^^  w" 


f  POS  ^  CO 

o  p  in  OS  CO 
eoooinco 

8'"oo"-ir^cr 
to  l^t-^ 
>0        t-OSt-1 


a 
I-  ^ 

>»  o  to   lU   tj 
<U^    g    S    c! 


a 


a 
5  a 

O    <D 


>  m 

s 


in 

00 


t-to 

00  t- 

in  CO 
lO 


lOb- 

CO'* 

in  CO 

•HCO 


e^in 
00  t-^ 

COCO 


eoiM 
in^t- 

in-fJ" 


00  OS 
(Ml-" 

Ob- 


com 


to 
ea 


•a 

s 


•9 
as 

B 

CO 


o 
o> 


a 


s 


o 


1—1 

05 

1— I 

o 

1—1 

05 

I— I 

H 

P3 
P5 

o 

m 
1^ 

H 

<i 
P5 
<i 

Ph 

o 


^1  ■■5'i 

O  h  **<  'S  a 
►q  §  V.  o  8 


3  O  3  rS  C)  Ol  CJ  C-<  O  t-  C5  O  ^  CO 

eOiMmo 

l-CO 

to 

SJS^S 

^H 

T-H  CO  00  ^  Ci  Tt*  r-i  C^  iO  O         O  02  O 

O  rf 

^H 

*H               C^               „  ^  r-t  f-H         C^         »M 

*-<  f-t       t^ 

t-l  *^ 

s 

OOClOOOOClOOWO—lO 

ooco  ^ 

ooo 

(Mot-oo'#oo--i*ic:)C-»oc^o« 

Oooco  t- 

t^lO 

s 

t-  CM  O  IC  rt  CO  lO  •>*i  UO  «  to  to  «  O 

o  t-i--o 

03  1M 

i-)i-HrHTH         T-t^Hi-ti— (               r-'r-t 

'^ 

"^ 

s 

a. 


1^" 


^  a. 


fc«i 


^1- 


in 

o 


o 

•  C-1 


g 


■s 


■g? 


o 

o 


.S5  •  •      •  .5 

;oo    ;    ;        ;    :  ^ 


in 

C5 


.g 


.5 
•CO 


CO 


CO 

inoo 

.  .8^  . 

00  in 

.    .    .■* 

.  O  CO  00     , 

LO      .      .      . 

CO-Jt 

.      .      .00 

.  •#  >-"OT     . 

.     .  CO<N     . 

00  :  :  : 

■* 

•    •  tooi    • 

•<MCO 

§  ■  ■  ■ 

CO  o 
CI  CO 
1-1  CO 

fel. 


oc^(Mu5-HOT  '»'mNi--fr-co 

Scii-toioc^  r-ooo:o-4Hooo 

?:)co'M-t<-t*  ■osmoc-icct-Tj* 

locfioco'oi*"  :  ^'o'oo't- o'-^-t*' 

■•#  O  CO  Oi  cri  t*  . -t*  C<1  00 -t  O  CO  ^ 

Tt<  rH  CO  f-t  T-(  T-t         (M  1-H  — I  CO 


O  OCOtH 

CO  m  1-H  »-( 

Ci  c-1 0  — 1 


o 


coocoOT'Mt-  inmiracq^iooco 

000:0^  CO  00  .o^ocooini- 

Cl^O -t^^CO  t-^CO^  .  02  t-^Cl^O  00  •#  01_ 

CO  Q  t-Tin'-iTco'  *  crTco  cc't-^co  o -^^^ 

oeqeioo  05i<corHcoc-o 

rf       (M  t-i  .-I                  CJ 


lOCO       -)< 
CO  CO     .CO 


in 


00  t- 

CICJ 

oo_^o 

<N  C-f 

in  t-^ 

co'co 


00  CO 

ino 
oToo 

■^  CO 


S  8§ 


t^2§ 


lO 

03 


o 


OCOIMlM«C^-HC^t-OOCOSr;t- 

coincooiJ^t-oot-ooooSJoocj 
o^w_co_c5  c^o  »-i  CIO  in  o^co  ^t^t^ 

of  r-T  r— "  cT  i-T  cT  t-T  o*  t-^  of  t-^  •*" -iT  cp* 
-fQOino3coocoinoo<Moocoino 

C^  CO  CO  (M  1-1  IM  »-C  .-KM         ilCOCOt- 


•O  t-'J< 
>  00  t—  (M 


IM00005-H050St-OSi-IOOOt-^ 
t-i-fiClCOQ^^OC-lCO-t<OOOCO 
CDb-COt-OinOCOC-lOCOCiC-lt— 


COinCli-iCOCTlOCO.-ICOCOCl'-ICO 

ooooinc-ic^Tft-ococ^co.-i-i'e'j 

rH  CO  (N(M  "-I  rH         i-l  (M         rH  m  rH  CO 


*H  ^H  CO  t^ 
•M  t-.(M  O 

Ci^-fCOCO^ 

ci  .-io£3 

inrHrHCO 


CO  00 
COl- 

t^in^ 

3cf 

05  05 

CO  in 


CO  05 
.-■CD 


&:% 


O  lO  CS  CO 

lO  -^  o  1— « 


o 

OS 


o^ioo:cocN<M<:x>t-.»AOOO-^ 

^  CO  i-<  <:d  CO  lO  o  c-^ii^  o  ic  CO  co  co 
CO  c^r  c-f  CO  co"  t-^  CD*  (^^^  ■r-T  Tt^  cT  L^r  h-^  of 

CO-piOTt^COcO-'J'OCSCOQOOCMiO 
^^  CO  i-H  f-«  1-1  1-*  f-H  (N  CM  O 


SC5  (MO 
OJ  -^  o 

'-^o'coco 

O  -rj*  00  1-1 
CO  CO 


I 


"O 


J3 
•    60 

:  3 

.  o 
.  ^ 


5  cjS 


.a 

bO 

s 
o 

O  .J5  ^ 


•Ei 'S -3 -c -a  ?  ;3 -B 


2  S-g  2  a 


h-CO 

03  in 
into 


o.-< 

00  t— 

O05 


§.3 
MM 

O  o 

^>> 

WW 


c«   C4 

op 


CO 

o 


«5 

I— I 

Ci 

1—1 

I 

o 

l-H 

05 

I— I 

H 
1^ 

P 

O 

I— ( 

H 

O 


o 


3 

ta'3 


4 


OSS 


t*^ 


i<. 


OOI0OOOOOOQ(N»0 


y~t  rM  1-1  C^  1-1 


OlMlOlOOOOOOlOO 
IOCS         tr' t~  Ti*  r^  1-1  CCi^  Z-i  ^ 


lOOOO  o 


OJ  o  o 

i-<  OOi 

la 

to  to 

^ 

.fR!S^ 

o 

1-^ 

.  C-l  t^  00 

1-t 

iH 

(NIOOO 

^ 

M 

o 

00  . 

.o  .  . 

•  rH  .  . 

05 

■^  : 

• 

•  CJ  •  • 

*^ 

« 

* 

t-     • 

o 
.  o 
.o 


55 

.CO 


CO  i~t  lO       Ci  o< 

,  "t*  '"^  t"~-   ,1—1 

CO  tH  t-(         y^ 


o    ;    *  T-H 


o 


•8 


■  »H      •      •  C^ 


CO 


«0^a5'1*t-Ob-lC^O<00 


00 


^  C5  CO 

in  t--3< 
'  lo  T-H  c4" 


o 

05 


<N  "H        OS  cq  «*00lM00lO 

o«        Clt—  COOt1«C1CO 

cooTo-cDco"  !  ic  c^'^cTcd" 

o  53      mm  .t-icocoocq 

lOCO         i-iC^  t~-i-(COCl« 


to  t— 

'.  t-fcO-H 


to 


C0(MO0005l0OC0t-0iC0e0 
Clt-^(M''  -  

1-1  tr^CO_C^C  ^     ___ 

cT  o  TjT  o"  t-^  lo  crTcT  oo"  o"  o"  cf 
cD'*cor'Ot-ooL';oot-oco 

i-^IOtJ<»OC^C^C^CD«C>00iOi-i 


<M  t^  O  t-  t-- 

h-  OS  CJ  CD  O 


^ 


o 

X3 


CO 

c-f 

CO 

o 

CO 


CO 


CO 

i-< 


C^«0  IC  O -t*  ^  w  00  IC  CD  CO 

COr^  Tl<t-C0a)lCCOCO'*'t— 

^  Cft  C5  CO  1-1  1-1  CO  O  O -^  (M 

r^  CO  CO  1-1  ^H  C<l  lO  CO  ■^  ii  rH 


CD  -H  CD  CO  CD 
t~-CO  W  tr- t— 


OS 


CO  O0_i-^t-^C-J_'1^-^t-;^CO  Tj*  rf  O 
Cp"  t;^  t-^  CO"  t^  C^  t-T  cT  l^'o'c-f  rH* 
OSOCDOSlOC^t-COCMOOOCD 
C4        C^  iH  C4rH  lO 


CDOOOOO 
CD  CO  C^  -t^  O 

iC  OS  CO  CD  r-f 


o 

OS 


CO  U5  o" CO  ift" t-^ o" cT t^ o  co" CJO" 
t^t— i-lC^t^i-iOt-(DC0t--'^ 
^        C^  C-l  (M         CO 


O  O  OS  i-(  CO 

CD  O  IC  O  CO 
Tj^O  rH  00  CO 

c^t-^00  r^oo 

CO<N  (N  -^  (M 
lO         i-HCO 


8 

•* 


00 
00 

CO 


CO 


t 


a 

o 

>i  *  ■*^ 

a  :  5P 

M  :.3 

3  s  "a  CO  ca 


.9  S  3 


5^  "2 
3  a 

o  OJ 

a  a  So 


a  s  N  s  s  «  o  ^  g.-|  s-.g 


^a  3*^  S 

1>  •-  S  t;  a 


O 

H 


o 


zfl 

H 

< 

H 

PQ 
< 

52; 


IX! 

O 

H 

U 


11 

.6 


4 


S3 

©"is 


^ 


;i 


|3 


«  00 -<  t- »o  ©  M  (N  CO -< « jr  33  rS  55;^^  — 

CO  ^  <o  *-■  «j  ^  c^  t— «o  ^- 53  t^»o  f^  OO^Dt-^-^ 

Oi  OCD  f-^t^C^CD  lO  f-cioTOi -H  CD  QCO<>roO 

CO         ^^  '-«'-<  CO  CO        »-t  1-1 


CO— «^t-»CO«h-CO00C>lC^^WO5  O'^^'** 

COOC^O-^wt-OOCOOOCl^lO  co»-<o^ 

O  ■* '^ -^  l"-^!- ti  CO  C|»0  t— ^00  CI  t-^ci^-#o_ 

otTococs  cc  (N  iOio  t-- of  orio"»ri  ^^  b^odi-Tco 

C^  >— <        CO  la         1-1  *-l 


ooo5opeooo<Neom(NiNio 
iacDc4eooicoo6oc6oooib-coco 


eo(NOC^ 
00  rococo 


o 

1-1 

05 


«0'Ht-iooeieiO'*t-'<i<'*t- 


CO'il'OOOO 

eO'i'e^M 


i-( 


o 

1-1 


rH        "^        C<  »-t 


eocoeoiflcst*    •  o  ^  oo  »a  co  i-^  c^      coifto^t:- 
ii (N ■«< ^ (M T-i    •«■*     e^co^oo     1-1  CO     00 


cDoOQQ^cpo>e-ii**io»ftC5eor-t~      eooow^ 

O  t- iS  Q  O  t^O  CPOO  t-OO  00  0(M  Q  ^  CO  lO 
^t^CO  ^t»CD^OlOC0^i^Q0  (N»A  C^_  O^COt-O 
1-^1-*"       iHf-T  »-t  rHfiHi-lO  r-. 


eO'*i-ioo»«coiocoo-#o»>H(Nc 


<  coo  CO 
)C0eoc5 


s_t-cokoioeo«00'S^>O(N     oc 

•■H"rH         ^       1-1  i-T  --i  i-(  i-(        lO 


o 

05 


00  CO  CO  00  CO  CO  in  »- in  lO  05  lO  CO  oo   ^•IQ'5 
55 1- -^  5j  CO  o»  ■*  t- c4 1- -fio  CD  o   ©aS°° 

00  t- t- t- Tj<  t- (>>  IN  O        lOOOCDlO        00COCOi?> 


CO  CO        Oi  Oi 

d  1-(      ft  ^ 

lo'ci        CD'J'' 

§1-1         CDiH 
(N 


.a 
CO 
s 
o 


>    ?;    tk    m         "r*    CD    ri    r^ 


<<!>-,  tea 

^■c  a  o 


Si 
bo 

a 
o 


CO  00 

coco 
co>0 


(N 


00 

00 


00 


00 


o 

a 


•a 

3 


o 

a 


t-iM      h-eo 

^  CO        w  t- 
O  CO 


ojco     i-iii< 


t-h-       Ol— 

as  "^      oco 
t-o      ooc^ 


^•H        OOCO 

coo     e^g 


05eo      .H^ 

CO  CD        ^HOO 
OO        <-i  <N 


ocn 
in 


>CO 


0 

o 


teS. 
I  2 

H 


I 

o 

5 

o 
a 


& 


I 

a 
a 


o 


m 

< 

H 
I— I 

PQ 

< 


J?; 
< 

in 
O 

I 


sis 

S  a-' 


^1 


3 


O  3 


<MT**(Mu50r-CDCOf-tCDOC 


otDoa 

^  CO  l-H 


O  00  Irt  O  0>  t*  t*  Ti  05  O  CO  lO        tjCOOOCO        CO 


C/j  CO 


o 


2"N^SCOtOCO.-ITjl(MlO00 
^»-<^O-*Ol-C0t"1<Cit*        ,^^^.^_, 
CO  CO  i-t  CO  CO  t-<  C5 -^  C^  «^  00  CO        iO  OS  ■*  ^^ 


oT 00^ CO  00  00  t-^ Cc" OT CO  (N  c4^  lO 

»-i  M  f— TH  11  CO  »^ 


CONiHCO 
00  CO  CO  ^1 


<N(N«OCO 
CI        i-i(N 


o 


00  CO 

■<i<  in 

fC  CO 


a 


t-;  <N  t- o  n<  t-.  CO  lo  iQ  lo  n<  rt      ooiHOJ     eo 
Qoocooo  ooioco  t^oi  O  O  lO      t^r^cood      -^ 


00 


o 

3 


00  lo  irq  CO  t- ej « iq  ^  00 1- CO     ^lopoo     o 


IS 


^eot-iNeoc^cooocoeoiOi-i 
e>6coeocooe<st-'*o-*e5« 

*-»         CO  t-*  *1  1-1  Tl 


BSS*'3!S«S'52-^rS05      <?   toot-     t>< 
Oi        OO        C5COOTt-CO  lA     .  ^  CD 


U3 


©■^cocornejob-e^oooo 
ooooocot-'<i<o'*t-c»'*5) 


aiooig  t- 

co-*3m 
00  cii  lo  en 


CO 
1" 


£ 


eoo» 

lO 


00  CO 


o 
at 


o 
o> 


eocot~ooeo»H5jincooooco 
CO  cocog  t^ooicsi— •     — — 


in  (N  t- 00  CO  o  CO 

SI?)  —  c) 00 ci  Er 
o^eoco^,-.eo 


in  t-icoo  o  0^  lO -H  CO  c^  o  <?)     t- 

Cst--^COCO'^T-C-)»-icO'»J<0        OO 

00  00  O  ^_^t-  T*  11  CO  00  (>l^T)<^CO        00  .-.  «v  ,^ 


OOOO^O  ^  C- 


t-00  tH  o     a 

—  -^  t- 1-     ^ 

coioo     ia 


'J' O  CO  t- 05  — I -H  CO  0»  0»  00  CO        QlN^O        « 

«(«     CO  ■*  CO  00  00  t- 00  CO  M     otimrt     J-i 


t-CO 

coco 


CD  05 
CO  t- 

>a  CO 


m 


r»ei  «  e  S 

5   2   I-   CD" 


a 


S4^  s  3  rt  •  as  g  a  >>s     5  sf 

B4J  N  o  »  a>  o  i<  i-S  S^  H       t>  'S  * 


r3 
u 

>> 

a> 

a 


.1 

9 

.a 


a 


o  ^ 


CO 

o 


P 

O 
I— t 


O 
O 

o 
I— ( 

H 
Pi 


o 


OSt-1  ^-.(N 
OOO-r'O 


■*  -I"  CO  w 
-     -,  «  CO  rf  lO 


'  31 " 
<  ooc 


C5  00<NOTf^lOOb» 


00  ■^CJOO 
CD  10  05  10 


00  lO 
t-tt> 


lO 

'J" 

o 


Si 
u  S  ^ 


C.2 


4 


tl5 


t-'*O'f<<-(t-CD00«i-H00Cn«5C0 
CO00C^00as»Ot^00-:fSr-<«5CDCDC^ 

OC>i-<OOOOC>O'-<©OOC0 


C0^05«DC010WlOCSO^^»00 


■s<05oo 
ciooio 


'I^COQ-l^iOC-J     IlOCDc4cOiO»-m^ 


oorHMO^to    't-^-^oooqc^rH-^ 

OOOTji-Pt-^T-J     ;od«JCJr-Ic4cJ<0 


S5 


d  T-l  C^  i-H         1-^  C^  »H  C^  r-«         »-l  CO  »H 


•d^o  coo 


l'S-2 


CO  CD  O  O  lO  CO  O  O  O  00  O  O  00  lO        CO  o  o  o 


lO  CO  C^CD  O  ^  »-<  O  COlO  CD  lOCO  lO        ^  p  O  C4 


s 


mo5coai^cioioot-co-iic) 

i-HCOC^i-<t^»-lC<JCOr-(rHTHC^ 


C3 


p  O  CO  O  O  p  CD  OO  O  O  O  p  lO       piopp 
t-^  cri  ci  lO  t^  t^  CO  CD  O  ii<  00  J;  CD  ej       £J;^SE^ 

^  CO  O  00  lO  C5  r#  CDCS  t*  lOOO  lOOO         CO  CO  C^  CO 


p  O  O  OiO  IC  OO  O  O  piO  lO  p       ^ppp 
1<  t-^ t-^ CO lo  o 00 00 1-^ 05 ctS  lO ''^ ''^      t;Jcococj 

^  ^  CD  CD  ID  C5  CO  lO  CD  00  C<l  CO  t- lO    CO  iM  i-l  lO 


S^lOlOCO_^CO_CD 
rHOOi-ToO'*" 


,  j  LO  CO  CO  o  en  lO 
'  cf  cf  oo'io  odiN  r^ 


'I"  lOt-l" 
CO  00  lO  00 

COCD  ^  lO 


O  Q  O  00  00  i-(  .  CO  CO  00  lO  oco  p 

OSOt^cDlC^  .  lO  00  CD  1-H  t- CO  CO 

C5  f  ■*  CO  »D  O  •  t'  T-J^CO^"^  O  CO  co^ 

t^ri^'Sr^  '  eTi-TcOC^lO  t-h'co" 


lOt-      o 
cr.  S  5_cn 


5 


t^^t^t-OSOO'-l^t^CDOOlOCD 
t— .-H*-0<Nt— CDCDOCDi-<CDC0b- 
rH(M-^C^(N»HC^(MDqt-tC^C^(NlD 


O  C-1  CO  C^ 

00  OS  CO  o 


^ 


O  O -H  QO  O  C^  lO  *-H  l^  O  CO  O        CO  CD 'JJ  < 


COQOO-HQOOC^lO^b-OCOO 
C-IOOOCSCOCCCCO'-'OO'-'O 
C410  cocoes  ^iM  CO  C<ICO  to  C^C4« 


gOicO(NCOCOCOO'^-J<tTC2«g'v3 
<M'^OC^»5c^COlOC^COTt*OCOCO 


Ij*  O  00  ' 


.-4        i-(        C^  fi 


<CS»-'^OCO':fQiCCOCOC-5cO 
JCOCDt-C^Cltr-COT-tCOC^TPi-i 


c^  o  ooo 
ca^,-iCO 
f^COCO 


c^      eo  ^ 


I 


.  J3 

.  bo 

•  s 

•  o 

•  o 

:^ 


o    *>    2  -W      •     • 

o,S»S"'aao 
•Hg§t*^-.>2-=c;5S'r5a 

m  u  o  a  s  M  M  ^  i<  ^  ;z;  p^  p4  H 


2  l.-^  S  g 


■e  at; 


o  «  o 


o 


CD 
»-( 
lO 


CO 
m 


lO 

00 


to 


00 


o 


00 

to 


s 

o 

lO" 


I? 
CO 


CO 

3 


1-1 


S! 


<D  n  OJ  n; 


s 
o 

IS  o 

u  "3 


1  « 

©  o 
be  >> 


4^ 

So 
04J 

-«  B 

o  o 
.9  a 

bo-o 

•92 


tH      Cd 

O   0) 
"O   CO 

•5.9 

CQ    u 
-«2 

£:  3 

o  a 
"S 

^  *» 
a  a> 


s 
□ 


<B 


g.2 
.2  3 


t..a 

02 


SQ  « 


a 


05  a 


°5 


o 


P^ 
O 

"^ 

o 

I— I 
H 

Ph 

8 


•  o  <ij   >-  ^ 


OJ  o  c-i  o  CO  t  -  •*  o  to  o  CO  c; 

lO  S  lO  U-5  m  C)_-* '^O^OO  I-  O 

t-  >n  r-  CO  CI 

2-2. 

2 

(»•*     00  T)<  M  r-i  1-;  in  g;  o 

O  00        lO  iq^CO  O^Oi  O^OO  T-;^C^ 

(N  C-3  00 

00  O  CO  (>^  c* 

05  00 

C  5  » 

e  I  S 

«  IS  2 

1^    .^ 


1—1 
OS 


o 

i-H 


CD  O  O  OS  C5  O  CO  t—  ^  O  C5  tN         t^  CO  ITS  C5  CO 

^-ic^i-HOi-Hi-ioOOOf-^r-i        OOi-iOT-t 


c^cot-iocoeOi—OfMcoeo 

rf  t- CO  O  ^  t-;  CO  CO  O  O  (N  J 

Ci  ci  Oi  i-i  c4  O  »-i  *-<»-<  O  *^ '^^   r^  1-i  1-H  rH  *-i 


"s. 


a 

e 


a, 

•B 


hi 


o 


SS'^2co5<Soeo5c5coS 


o 

OS 


0»'J'        OOO     •  t-;  «0  C^  «  (N 
C-  «     .  M        <N        IN 


M     -rlO 


58 


•3-S 


OS 


CD  C<»  ^CD  COOKDt-CDCOOCO         »HCOlOt-^cq 
Oi'-J_MOicDC^OOO(NlOO 


t-T}<e0Qq'HiOCDO3C>'*t^U5 

t^oicot^oic<iocoLSOiooo 


05  tH  coco  CO 


U3 

OT 


loccmt-t— 0(N*^o>H^oqio 
<DC5ododc^iOOQu5i^ioci 

i-tCNC<)t-<'MCO»-iCOfOC^«C^ 


lOtDCiON 


o 
o> 


loio      t-ooeocoioco-HW 
^rH°~coc>o^t-^a5c<i-Hci 

»-(<N        .-H  (M  i-H  rH  (M  tH  1-1  »-t  (N 


^ 


t-H 


e<3  CO  O  t- t' O  O  Tt<  (N -H  ^  00        00^05  00  00 


o 


rH  CO   M  tH  lO  COOO  CO  OOoq   CO  GO  C^  »0 

o  (N  e- CO  a>  00  o  Q  CO  1-H  as  Q 

t^O    (N  lO  iH  CO  3  ■*  CO  CO  « 


b-OOt-OOOCO-#05  05COCJCO 
(N  O  00  OS  00  °0  O^O  O^O^t-;^00 


CO      •  ICt-i-H 

CO    ■  SrsfN 
CO    -coco  t- 


(M  O     .  QO  t-  coco 
COO>     ■  MOOOS^CO 


OS  o 

cTco      i-TcN*  *  lo  »-<  lo  ic  OS 


•  CO  ■»*  OS 

T)<    •  ^  iSico 


UO 

OS 


lOoscs-B'O'^t-cocoj^coin 
csooc^-i*t^c-it — hooo-^-^* 
S§)-*So^cbc^-J"coc-ico-* 


oosco  COlO 

T-- OS  00  CO  00 

■*      cO"*"a< 


rHlO        CO 

CO  t^  e-  CO 


>(NOCO-1«CD-t<CO 

w.^:oot^^-^-t^■:co»-' 

(NCOC0C<ICO'i>C^0^CO 


t-  CO  Q  C)  'I' 
t-  O  O  C-3  o 
^  T-t  »o  lO  c< 


e 


f— < 

OS 


OOCOOlCiM«t-'1<Cfti-<COCO 
CD'->C?cr>»OC0lOC'lCO^H-*<0> 
COr--*C0CDC0lO00C0'^lOr-' 


r-HM  CO  lO 


o 


CICO-^   COir^'TJCMCili^'^OCO 

iiDiae^cot-cr)cO'-'COiCOi-H 
04  0      CO  GO  C0 1-1  00  o  CO  t- ;o 


I 

I 

5 


b        <S0 


.9  rt 


S^  3  315  :  S5 

•<  ■<  «  O  C  h^l  (J  Iz;  fk  O?^  ^ 


a 

"I 


•  4^  ffi 

p-  *r3  F  M  a 
as  .1:  ®  o  .3 


© 


CO 


o 

00 
CO 


s 


oj 


.a 

'^  o 

CD  ^ 


'f 

4 

C8 

T-t 

3 

O 

« 

9 

M 

a 

<a 

15 

a 

cS 

m 

V 

a 

iK 

p. 

*» 

id 

•a. 

o 

isa 

u 

T 

0) 

i 

-M 

-w 

o 

3 

e) 

& 

-< 

.a 

ClO 

3 
O 

^  a 

l-H    O 

OS  H 


—  bo 

^5 


m  —4 

h    OS 
c4   2 

N     CO 

s  § 

O    3 


00 

o 


l-H 


O 

H 
O 

I 


"8^ 


ooS'H  "-j      c4      ejus  lowrt      00      c^icS      tD-H 


I  S  =  ^"©^ 
•s  S  ^  Si-a  3 


14 


•-1C1>         ri  »-l        ferH(NT-lc5c 


SO  in e^ IN 
loio     e* 
o     ■ —     n 


CI' 


to 


M 


gJMS 


com^JiNeoia      (N  1<  00  ^j 'f  CO  (N 


e<>-i«H<»«oopc 


)4 


00000  50 
00  i-l  w»1«5 


sg 

o 

t-H  ^^ 

CS 

M 

rH 

(M 

1-^ 

iH 

CO  00 

to 

>- 

t*  lO 

"see  5>K" 


I 

>5 


S    8 

la     IS 


MOO 


lOO« 

3oo< 
oral 


>lO       ©lOO       (N 
>•-<       CO  AO       O 


Si 


I 


I 


■8 
I 


"3 
■5 


•3 
t 

I 


eoc^ 

CJO 


to 


e- e-»  c- 1^      o  t^  00 

N      •fin  t- 


«5  0> 


rH  CO 


eo     ra 


•  t-rH  (N         }Q-^  Ci 

•  CO  <M  CD         00  t—  00 

•  raeor-i     e^on 


rHO 

m'ra     oco 

p'^        rlrji 

«o 


con 
eori 


oo> 

(NiO 


,  .0  .  lOiQO 

;  :©  :  e^cJ w 

'  'Ci  •  ^'  rH  ^ 

•  "r*  •  rHTTCO 


:§ 


^06 

ra 


s  ..  s§ 


s 


CO  ©000 

b.  .©oco 

CO  ;  t-^m  IN 

to  ,CO  QCO 

ra  rara  t-H 


8    008    5<S 


(NOrH 


00 

8, 

m 


(NM 
rH(N 


000 


885    2    ?         S 


ora 


ojoom 

ocn  er> 
(N  -aio 


13  : 

rH 


,H        QCP         O        OOOC51OO 
r^        CD  ^         rH         ^  t^  rft  r^  io 


o 


£2       IS       OS  10 


s 


•  CO  *-(         *-H 


SS    8S3 


<N  t- 

t-  10 

OJ 


58    8    8         3! 


o  c 

c^      ^      m : 

03  c 


O   03 


*   C8 

■■«  S  2 

-    •  ^^  ^  rt 
•  c;  ca  .2  -^ 

^  ^  fl  u  ki 

3   2  cc   ««   » 


9 
O 


t-  c^  rt 
o  0)  a> 


s 
o 


•33 


o    ; 

a)    . 

•3  i 
>. : 


3 
I 

Q< 


•3 


(N  « 

co<r- 


S8 

ra« 


"Si 
o> 


0 


H 


rHCO 

ini 

O  CD 
IN 


■3 


INr»< 

ra  CD 

COCO 
CO'rH' 


•g 

"o 

w; 


5i; 


iS 


IB 


> 


OS 

o 


1^ 

3^ 


"^ 


«  e5  <-i  <N  <*  5j  CO  c^  CO         TO 


05 


1. 
g 


•a  »>, 


'8  a  5  S"S  5i 


»0 

1—1 

H 


O 


i1. 


'^g.N 


J3    •* 


ft, 


e 


a  e 


i"3 


^ 


a 


8 

o 
I 


U) 


M 


t<4 


gOOOrSOe 
IAC5  00  cooo  ■» 
«o  C5  CO  t- C^  N  c 


IS'M 


n 


005  •*  ooo>omoo     o« 
Tj<  00  o  CO  ^ iM o» "-I  t- ©     t-e 


ooi-<coi3<»SeocOTi;to 

t^(?lCO^t'COOO'-<» 

cf^     ■«<'^     cfeocoio 


ciuio      00 
t--HQ      Si 

rH  r-lO        e<5 


CO  l-HTjl 


rH»-^t--l5»HOt-Q0C0t- 

rtiooindi.-icoioo6'<i< 

^QQICOt-^QOCOb-t* 
O  00        t- 00  (?4  C^  <-"  00  \J< 


sa 


CO 


«s 


s 


:oo 


:S3 

•CO  t-i 

•  COrl 


:8 


i-i-^oinoiot-ooao^ 

TjlCpiOOt-'#Tl'rHt-t- 
ClOO         t-OOCl(N'-iaOTj< 


gs 


oiocO!OcoQC5>2>or- 
t~.oc£;o^®coio©o> 
c^c4t^t-»o^t-*cot^f-< 
co'^ooQoos'-'t-eooi 
o  CO  io  io^oo  lO  o^o  t- ■'jj^ 
i-Tef     eo         ••CefrH^ 


CO  5 
t-lto 

8S 


00  t-co 

i-<  rHCO 

to      »-■*« 


SS58SS288S    l§S 


S 


QOO>IO>-l©INtDmia 
C0<NrH«#cqOC<'l<O(N 

coodcoo^'^^l5'i^^-*^^ 

CiCOinOCOOOO^OOO 
OS  C^IO  ^  t*  iO  05  O^t-^CO 

irf     CO  cfi-T^ir 


irico 
c»oo 

C»CO 


s 


lo     oocsin 


a 
.    .  o 

.o  S  b  * 
01^  S  3  = 


o  <s 


n 


CO     ^   ^ 

O   3   - 


.a 

>• 


g 

.  ^s 

^ 

«o 

•  (MO 

S 

t-(N 


coeo 

cs  *-» 


coo 


(NCO 


o>c<S 

(M  ^ 

00  GO 

oioS 


CO 

t- 

00 


C3 

o 


COOl 

o 


g? 

1^ 


I 

if 


a 


o 


»0 

T-H 

Oi 

l-H 

I 
T— I 

rH 


S 

e 
o 

O 


5 


8 


"3 


in 

05 


in 

OS 


I 


00  CO  CO  CO 

*-.  S  «-!  oo  c 


«  »0  CO  lO  *t  i-( 


<N  rH  ,-^  C- 

oo 


O  CI  CO  t- 

e-  (t^      ,— ( ^H  f^  in  c 


CO  to  rH  (roj 
ci  o  c^  i^  to 

•  O  t-l  <--  r-"  o 


Tt<  to 

»-<  o  c*«  c« 


o  o  o  o  p,     o  o 


3= 


.  O  t-  t-OO" 


ss^a 


.  O  tT  M  (N  ( 

•  00  Tii  ■^  lo  00  ci  ■^ 


rHin  rtin 
>-;  ■*  00  d>  e 

rHOOO 


O  ^  r^  r-t  rH  ^ 


ccgooin  . 


^  o  o  c-  fr-  e- 

rH  O  tH  rH 


inNc^rHQo     >no> 
00  in  ■»*  Oi  25     ^  ^  ' 

O  rH  fH  O  T-J        rH  rH 


Q»-m«  oiirio 

CO        (^(M  t^rHCD 
r-*         «0  rH  in  COCO 


,  O  O  CD  t-rf  C 

:  t^r  d  ej  in  *  S  « 


eoMoc 

^  e<l  rHC 

CO       ^ 


•  oocjOQOS     QO     2 
.ooinoooo     OrH     o 


'S 


t- (-•'-co 

CO  rH  rH 

CD  rH  C4 


00  O) 
CO 


corf  (M  CO 
(M<NM<03 


CO 


ss 


coi 

■*  1 


1H  rHr-t  t« 


ine^ 

CD  CD 
CDOl 


o  info's 

CD  CD  rH  CT>  rr 


oointo 

O0QC0^°^^E-ClQH)<rH 
OOOOTPrH  obcOb-O 


CO 


CD 


(MrHinOO 


rH  CO  Oi  O  C^'^lO^t-^ 


rHC^TH 


5?  12 

COOJ 


CD-H 
C^  OS 


o 


CO 

rH 

o 


!3  :    a 


oo  CO 

CD  rH  CD 

rH_cD  in 

m  in 


ococ 

(NCD( 


TjiineoQSJ 
T-cocoeoo 

e_(^      ooodr-^coc-.  e-e-rHrHCCrjIin 

OSCKNrH  rHrHCSrHt- 

OOOt-C-l  C»00003KI 


coco 

00 


Oo 
CJS  h^ 

inds 


4j  p^ 

Is 

TO  '-i 

no 


•    60 

:  3 

.  o 

.  ^ 
.  o 

5  S  o    •  occiJ.a     -g  a  o 
o  >"-;&  2j=  jhSjd-^s  fl 


.   60 

o 


I  2 

r-.     * 


in 

o» 


«         rH 

fq     in 

e->  l-^        rj 


f35    S 

to  §       Oo 

03  ^ 


9 

OS 

s 


s 


OS 

o 
>> 

"o 

w 


o 


o 
•a 


in 


-«1 


rH 


o 
o 

3 
o 

S 


in 


3 
o 

I 


H 

I 

OS 

»H 

o 


«5 


05 


I 


O 
O 


I 
8 


^ 

M 

^-^ 

"§ 


§- 


ft, 


;5 


ft* 


t 
} 


6> 


g 


la  o  05  cj  C5  :!j)  go  s  00  tr  t  ?3 «? 


wji-Hmoo 

r-(  O  O  rH  O 


r^r-lOOrlOOrHi-cOOO 


CO  i-<  C^  Ci  T-t 
i-lIClOO  (N 
th  O  O  t-t  T-H 


eOTji,-ic^cot-«ot--"OQm 

(N  rH  »-l         rH  1-1  ^  T-( 


CD      .  f^  CC 
00     ■  <N^T)< 


!S 


00        C0OWOC0U5O  t-O 
O^    i-it-iC-iC3«OCi*-tl>-»0 


5!N  Q 

5>-cO 


in 

o 


fi  rl  O  r1  iH  f-l  O  i-(  O 'H  O  tH         r-t  O  r-t  1-^  O 


1-H  tH  ©  rH  rH  rH  r^  t-1  r^  O  O  rH         r^  O  f-H  O  O 


?s  g 


000        t- 00  (N  I^  th  00  ■*  O  IN 


«     •  (NO  10 
O      •  t-  CD  00 

CO    ■■>!<« 


■=2  ooooooooo 

lrf«d  •OSOQWCOO'J'C^IOO 

00  t-  (NCI        O0O5<D»Ct'^ 

<C10  TfCO        UXCt-OCUri 


in  00 
.000 
•  Tfo  d 

CD  CC  O 
COOrl 


10 

(5> 


05«I'*ICDOC-1(3>«C5®(NOV 


S' 


«00         Oi  A  t- ^  iO  CN  O  <N  r-l 


Q  OCDOO  CO 
C^  Oi  i-H  10  c^ 

W  CO  T-i  c^  10 

10  r-<  t-  t-  1-1 


10 


CO(»COdcD<Niodb-c4l^CD 
CSoKooO(»CD-;OOOf)oo 

ojc^OTj't— »ooot--coc^co 

Ci^       CO*  d  rH  ^  rH 


P-S-JiOlCDOM^OlNOOlCl 


O  O  Tt(  W5  f- 
00  O  t-;  m  CD 

CD  «  06  00'  CJ 
Ci  CC  -H  CD  10 
^^  »-l  <*  CO  t-f 


.-(       CI 


(3J 


•i((5scDU5i-(OC50a»-«o^coo 

S^C0i0CDCDC0C0'*C0«O 
COt^C»(N'OCOi5CJ>C<Dt;^t;;J 
t--4<lC0.-lt-C0OOi-'C010(» 
<35  C^  CD  (N  CD  00  C0_CJ^CD_^O,C^C0 

cf.^     •^TrH      cfcoeo'iOoJ" 


0000  C^  ^  ^s 
(O  ^  O  lO  TlJ 

iO(Niri(Oo6 

CD  t-  rH  O  CO 
O  tl  *-l  CD  CO 


r-iaiCD(OOiC)C^CDl5oq'^CO 
OiCCCJrt^COt^b^oirHCOaiTf 

O  !N         CD  i-J^'l*  ^'^^^^i'^ 
t-TcO         (NrH         i-TcfeJC'^i-i' 


8  1-1  CO  0-* 
la  1.0  «->  t- 

inrHOOlOOJ 


(r)  ii 

00  00 

(7100 


000 

CO  ia 
a  o 

00 


CCOJ 
g«5 


eo  'tf 
PS  00 

CO  h^ 

00  >a 


00  la 


CO  t~ 

Ci  i-( 

CO  CO 


8i 


00  ■<s< 


10  iS 
IN 


5 


a  . 

o  • 

oi)  • 

c  ■ 


a 

•5-ScSo«    tSjqgcjg*' 


b  o  =  ®  S  •  ■£  S'-a 

cjR'^aaoa    .cSb 
cs   CJ  «     •   3  J=  2 


^  s  ^  b  S     -S  •< 


CO ^r^ 00 cow     *COCOIOOOO';OlO       ^^COC^CX) 


3 


TJ<  00  ,-H  ^  00  CO     •  CO  ^  r~i  t~»  <0  Ui 


Sop       TJ2«    .« 


00      do 


s 
o 


o 

a 


lO 

1-1 


t-e^io«g« 


1 


CO  CO  CO  CO  CO  (N  CO  CO  Tirc4"ci"^co  w"     ^^CO  TlT 


00  00 'i*  IOC 


ff^  2?  *  5  O  lii  .  ^wt-i-iooo      e5>Sc<5S 


.f 


•2 


lO 


«Ot-N  t-  .-(i-ll 


MM 


g       g 

ei     CO 


9 
O 

a 
2 


& 


ic^f-ic 


J^' 


09 


<soo^c4  lacoc 


t-co 


■3 


t-iomeo  t 


e  !S  "?  S      o  53  «■■  e- 


« 

O 

S 
I 

2 


o 

2 

no 


I 


•T3    <D 


•  J3 

•  Ml 

:  3 

:  o 


2^  >.tea 

a  ^-a  a  o 


■  3 

:  o  • 

•  o  .ii  'd 

®  O    rtj  i-H 


SI 

o 
>. 

n 


» 


g.g 


00 

r-t 


lO 

T-t 

o 


to  in  t- »< -M  05  o»  lo  >*  05  in  »<     o>    .1000 

COOOCD^COC-)"lO^O'<1<00        CO      'O^^ 


05 

05 


t-23    •moo    •Sto-^<0'#  00    ■^Vw 


o 
t— 


<3> 

R 

I 

•5S 
I 


in 


CO  •#  ^<  10  10  05  Cl  Q  la  1-t  X  h-  00  O  i-<  t-   05 

C5-H  lomt-co  3o3o5  tO"*i<  eort^"-ioo 

"*00C5_t-;O  MMO^_^Olii_^  eOt-^"*05_t-^ 

efcfi-<^(NofcfcoMTaf^cJco  Wr^^Wi-T 


eo  o '»•(-•  11?  N  eo  f  00  <D  »j<  ^     toiooiMeo 


10 

05 


ooo>oo0'*<«ot-eo«0505c 

t-COOC<0<C005C-<QC5Q^ 


OS 

>« 

> 


So>     eooooooo50>M5  tof     O5«oooi 
eoc^      e<i  c<  55  c»  ■^  « (N  m  ^      cic^wi 


9 


o 
o 


S 


^ 


10 

05 


10 1- >-"  o  ^  (r«  00  TO  00  eo  00     a>>-iotoe<i 

3COCOMCOW00Q1— t— rt     ^t-f-iooio 
00  <N  m  t- 00  •*  10  CO  •*  t-     teno5W05 


0050  0^  01005  h-t". 


5  00t-O> 

s  rt  t^  u5 


i 


.  a 

o 

^  •  ■** 


4)  J;  N  3  cS 
2  r?  M  c  rti 


a 


SSSoa^ofe  S,-3  a. 9       >';3  S  fe 


I— I 


O 


-s* 

W5 

1— t 

OOOrfOOOOiHOOinOO       OSi-ltoe) 

05;i,OT 

V-" 

55 

r'  rH 

CN  O  Q 

c2_c5 

o 

OC-IOiOrHCOOOi-lOOOOlOIN 

Ot(I  rH  CC 

to 

coOco 

S  3 

CJS 

.-t                                                           rH         O 

CO  rH  rH(M 

c-jiVo 

<* 

ci^-^t- 

« 

CO^OOO                     IHIOIOO 

OO 

1^)        lO 

oa 

*-»-c4,;rt-j!'""=~°">-;<N-i<N»- 

coci^«- 

c4      (N 

1 

r-l 

b 

o 

CO       00 

n^ 

T-* 

■*«D00tO'#t-;01C5lOt-;t-;O5iOlO       OOOTCOrf 

rH          O 

c-ioc^rHrHodooc^OiHOcio     oooc 

rH         1-i 

1 

Ji 

^ 

^ 

i-l—KNO                   OOOeilO 

•>a<T)t 

eo      •«< 

a 

<. 

05 

CA  1-1  ^  rH                     rHC^WlH 

CO  t^  ©^  5- 

2  a 

•S" 

3 

CO(N 

">> 

1 

o 

^ 

u 

■>» 

O 

oooiocjooiaoeoooiflic 

lOlO-^CO 

d     o> 

i 

o 

sssssjagj^ssss^g 

^2S5S 

pi      c4 

o  r-i  t-  o               rH  CO  ci  e<5 

(MrH 

CO        OO 

'^ 

\a 

CO  rH 

2     S 

o 

0  10^3  0                     (N  CI  t-  (M 

OO 

^     ^ 

fe 

OS 

*" *" of lo"-*  cf  «- «- "=" ciman'' 

cft-'^'^ 

cd"      <»" 

rH 

i-l-HrHCO                              (>iC^(N 

CO  rH 

!:;    ^ 

3 

o 

s 

?-.   ^ 

i:-ooo«ino>oooio-a<rHO(Ne5 

OQOOCO^(Mrt<CJ3U3c6-*rHC^-+ 
00^  Oi  O  05  lO  CO  -^CD -^  IC  CO  lO  oq_oc 

""rtS? 

t-ooe^co 

O 

Sooo- 

CT» 

oco'od-^oTooio-^odrHto-jrTiJ't-^     toi^t-^if 

<MrH(MrH 

T-1 

rHrHrHrH         y^               rH         rHrHiHr- 

'3' 

(3 

fil^^SSq  :S8§^^5S 

OJ«OOr- 

t         2 

o 

lOOOmr- 

"^         O 

Oi 

coc>e4co'ideo   .i-^co'*      odcJc 

uicitNU" 

(0      <o 

^^ 

1-H 

^.1 

^^ 

rHOrHOrH-*      ■  rH  03  CO  CO  0»  05  CC 

00  CO  oooc 

2    § 

rH 

COODCOOlCCiO      •<NOO«d;rHOl5        t-;0<0r- 

S 

OS 

l^^rH'eoo^rH    .'r^cotDc4"*e4o>      i^cjoe^ 

lO       <D 

^ 

rH         rH                       rH 

£ 

-^ 

1 

w 

rH 

rH         fH      •          rH                rH         CC 

^sss 

OS        CO 

V 

Ci 

Tj*            to 

rH 

1^ 

r^*        (N 

s 

53 

^ 

"a 

2 

INrHCO-^            •  (N -"Jl  rH  <N  lO  rH  r- 

rtcoiocr 

OO  o 

Es 

05 

SSo, 

•  bo  : 

1  i 

t 

0. 

I 

c 

J 

t: 

r: 
S 

0  '■ 

j:3 

EC 

1  = 

-c 

o      o 

1 

C 

'l 

^1 
i 

a 

d 

1 

c 
c 

1 

'a 

OC 

1 

"1 

1 

a 

c 
> 

1 

a 

1     1 

1   1 

H     H 

o 


CO     tl 


S<05 

2  " 

•^•^ 

^? 

■W.3 
l« 


a 


«5 


zn 


m 

O 
H 
O 


•3* 

O  C3 


a 


^ 


la 

05 


lOt-O       i-liH0>HMmU500       MOOMO       "-< 
00  i-i  (N       C4  CO  Q 


<-iiNO     'j<  o  >-i  rt  o  oi  "*  o  00      ooooeoo 


§• 


o 

03 


^ 


53 


3 


I 
I 
6 


lo T)< cj  t-; e^ «5 eo >-- (N iH 05 ^ o     tooi^TiiTiH 


O05CD        »^  ^  t~  t-^  O  CJ  N        l^       WC^^OiCS 
00  CO  CO        CJ  O  CO  00  CO  o  •a<  °~  t-i        CO  O  CO  ci  o 


eocDi-;      ^^oioococo      CO      (^^^-;TJ<^-loo 
oiT-Iw      -^'oJc^b^t^coco^t-      coi-Icoiaco 

.ICOr-l         (M(NCO'HC^C-)rH        6l        Mt-HOJCNi-i 


o 


05 


o 


OOCOOO  f-HmG>^CD^O  T* 

t-CCCO  O-^OCOCl^Cltr  CO 

^"-i-'co  id  oi -f  Oi  CO -t  c-i  'oo 

C^'S'r-l  t- r-ni  r-(  CO  CO  O 


05  '^^  C5  00  (M 
L3  irt  CO  CO  O 
CO_»C  ^l-OO 

CO    (M'* 


CO  O  >5  C^  00  tH  ^  CD  CO  lO  (N 

ooic>ct-;oo-*cot-.cit^rt  CO 

too      ^r-cococnco'co'ooo  lO 
(N      e^coii      iH  calico 


§5  o  CI  S  o 

C  ^  CO  IM  C) 
CDcft--gCO- 


eooo  (N 


Ococomoocit^'-'c 

OiC5COCO'S<--CO**C 


1-1  lO  rH        eO  lO  t- CO  CO  03  t- CO  CO 


rt  1-1        C^CO(NC<l.-( 


•  (-5- CO 


en  in 

00  C^     •         CI  t—        --"CO 

CI       •  >-H  tHCO 


o  oeoooo     t- , 
CI  t^      —-  GO  e- 1- ' 


CD     ■IO< 


:  >, 

.  a 

:« 

•^^  is 
£  «  S 


bo 
a 

►-  ? 

ta  03 

a;  ^ 
Ci  -w 
S  «    .  - 

O   <l>   <D   O 


o 


g  3 


a 
3  a 


3 


S5 


SB  : 

*11  CO  CO  t— 1-1 

c-"o-"? 

S 

•lOCO  C- 

•  lO  t^  CO 

CO 

(Dcd    . 

eoeo.-iiOri 

g      rj" 

CO 

.-r-v<o 

■<* 

c3 


3 

a 


3 
O 


a 
o 

IQ 

§ 

u 

o 

0 
o 

•a 

.2 

rH  t-l 


CO  CD 
i-H  Ua 


o 

a 


o 


2 
•3 


3 
O 

a 

<u 

a 

at 

JS 

■*^ 
3 

o 

a 
>, 

fH 

bo 

a 

3 


SS 


C)  O  J  1-1  *;  Ph  O-^  ^      «cj;ziS5>      H 


I— I 


Q 

W 


Scg§ 


■o 


o 


«■§•««  2 

■^  s  £  '^ 
8  ~ 


wo"  a  ^ 


o 
at 


^4 


o 


o 


O 


8 


to 


o 


OS 


o 

r-t 

o> 


I 


s 


CS        lCn-<  ':**        CO  O  O  CO  «>  C-J^      CO  »-<  O 


looco     1-hoqco.  "j'oO'^io     »-i »a o :*^ 


oos©coot-«>«ooi2ET-! 

r-l(M        <N  Oi  !N 


"^  CO 


Irt  t--  ^  CO 


§ 


ooi'^ooi"eO'j<'J"J<tCi-i'<i<'J"-*      ^e^o^ 


)S«Sm§SinincoS« 


e^Ti<^oooo>oocoe^io<»0'»;co 
SN«SS^=^c^coco<^><Mcoco^3 


®  coco  Q 
COIMIM  CO 


lO^tOlOOWOJlOtHtOOCOC^CO 


OS  CO  1-H  t-- 

oioodo 


cococoootooiOSTjjiooqo^t-^ 
t^ocst-"^*^cioi7s»ooooo 


e<icoco<K>i<>o^c^05Dioo«o-3! 
mScocj«'-iO'*i>»o5ooi:-todb 


OS  <0  00  CO 


..coo 


^l 


oocccot-o^c^^'-'ocoiocg 
co<Nooe<5»»cot-^e^eof-e^<-i'^ 


CO>-l 

•>i<-*o 


S3^&r33!t^312S!SSSS3 


r^*  QO  GH  "^^  C™  ^^   ^r   I""   "-J '  ""^    ^'  '•'■> 

&i«5asc5coiao"tdososoo^-w- 
S^o>f-^ooo'*Tticot-i-'a"q 


rt  C0  50(D 

osiMiaco 


coSoococ^iot-*iMcot-«Or-i 


t^  c$  ^  T-«  00  C5  cs 


cooooo 

05r-CC0<D 


^  tD  t- 

OS  -^  U3 


SS<OT?-^COCi5^O>C0t-t-T1<-* 


OQCOC--* 


O        OS 

to      o 


oos  cooioooo  tr o *-(  i-« COO eo      co»^c<ios 


ooooooooou^oooo     eoooo 


lOf  CO 


s  s 


.a 

o 
>. 
o 

M 


CO 

3 


2 
o 


CO 
I 


g 


O 


J2    § 
•a     la 


(^t^(MCO>-'5i-'Ot^OQ'1*COOCO        OSOCD^T 

c»(»os-s<«inoi"*^*os'-iost--      rS^tzS! 
3j  <-c  OS  r- ■>!<  «D  t- •*  IN  CO  t- 1- ■*  ■*      lOiNioe'i 


O        OS 
(N        CO 

.I      to 


OCSCO'MOOt— Olr-Cli-<*-lOOCO 
00  C^  N  O  t- ^  t-(  CO  t»  i-H        o 


i-H  cycles 

tocn  r<C< 


00      cs 

^.  s, 

CD        CO 


.a 


a 


0'-'OCO<MO'5"OOS00100C-1 

00     in         rH     in         t-     c> 

C^  11  l-H 


cjcooos 

■*  rH         1)1 


00  o 
CO  rH 
00        CO 


Osg       2-" 


•H         rt  .-le^i 


(NCOCO»H 
CO  IN  Tf  CO 
lO  il 


g 


:  S,^  £  a 
;  o  o  ®  a 

5   S    C    S    f5    ^ 


:  o 

.XI 


V  (u   3  *J   ^- 


e«a 
a  o 


■  .a 

'  so 

3 
,  o    . 

■  oSts 

«  o  ^  ,-1 


o 
■3 

w 


.9 


w 


o      o 


I— < 


Q 
O 

I— ( 


C/2 


1 

« 

r-1 

^      ua 

COh-COOOO"J<OOCO 

•Jlt-lH»-(t- 

1  05 

1 

v. ._  . 

lO 

w*  CO        (S  00  »-t  «*l  T-<  t- t- t- -^ 
'l<'*tO        00  CO  •*  CO  (N  lO  00  rH  >-C 

(MlOtOrHt- 

«^ 

6ero 

ndes 
nts) 

eo          rice 

CO 

*^               1-H               <M,-l        C^  tH 

CO 

rH 

c  S  e  S 

OCOCO        rH  lO --1  >o  O  O  00  lO  23 

OS^SPS 

^ 

s 

COQO            OOm05(M  cDinooo 
coco               CO  lO  CO  lO  Tjl  r-1  CO  0>  rl 

T^                                    r-T 

^e-cio 

to 

rH 

to" 

lO 

—  COO     o>ooiocooiooi< 
oot-'*      t- 3  ■*  la  CO  lO  00  ■*  t- 

O00(N<M  O 

00 

Averag 

wattag 

of stree 

lamps 

o 

Q  00<N  iO  lO 

00 

o 

rHOOrH         00  0>  O  O -f  00  O  tO  H 
OOIOCO         t- lO  ■*  CJ  CO  lO  O  t- rH 

O  O  t-  rH  CO 

s 

CCf  tO'*  t- 

COrHCOTjl 

rH 

verage 
mher  of 
ghls  in 
se  per 
nonth 

53 

t-OOp        T(<  IN  rH  ■*  ■.#  Oi  tC  t~  •^ 

t^cioo      eoooodooaoooQ 

ei<N(M        <N  CO  IM  CO  CO  C<  CO  (N  CO 

^  CO  •*  <a;  i- 

eOCJMMC^ 

t- 

s 

o 

O  to  rH  J^-CO  T("OS(»'*<CO0000C» 

eoouiTfio 

■* 

■>q  s  S  s  "" 

o 

8§Sg,Sg§SgS§^g 

gggss 

t- 

t-H 

Average 
umber  of 
hours  in 
use  per 
night 

s 

^OCO        <C"#  t- CO  OS  ^H  C5  C^  01 

C^  00  CO  00  CO 

CD 

1-H 

OST(<0>Ot- 

t- 

o 

^  ^  O  ^y~[  COC4t-;lO^<NCDO 

•llOCTlt-IO 

lO 

CT> 

OrJilOO'* 

to 

s. 

y~i 

12,        rH 

lOCi«         (N  CN  O  CO  CS  00  01  O  lO 

rH 

eO'* 
00  CO 
t-co 

0 

rH 

verage 
daily 
mber  of 
street 
mjjs  in 
use 

s  sss5s;§ 

CD  OOIA  to  IQ 

rH 

rH 

o 

t-.  CD  CO  .--^O  t^?OrHt-*-H|>.?o«0 

^S§S3 

E^fj 

^      1     - 

SS9 

o 

CO'^         CO  O  01  ^  <M -^  CO  O  CO  tH 

COrHrH  CJrH 

CO 

t- lO  »-t        00  C^i  O  CO  O  O  CO-^  CO 
OO  tH  CD         1-H -^  Tj<  73*  CD  Q  OO  O  CD 

00  1=00  CO 

rH  t- 

lA 

»?>:: 

o 

1-1 

,-( 

tH               r-«                                 rH 

rH 

^-t 

o 

t-  lO  ^  ^o  oooiincocooosci 

lOOKNCOCO'^CSCOt-t-CiOQQO 
COIQ        CSI  T-*  OJ  i-H  CO  ^  CO  C5  CO  »-t 

S  cocs  lOO: 

COr-H  rH(NrH 

0 1- 

S 

ss 

rH 

^-^f-n' 

to 

lAC^rH        CDCOOCO  OQ$S^^ 
IQOOCD        O  "^  ^  ■*  lO  Q '— *  O  O 

8§§5i 

10 

as 

lO 

0 

^ 

e 

^^ 

^CSOO       rj<  CO  01  oa  «  ® '"It- 01 

rH 

c*» 

i 

r^ 

i-T                      »-< 

0 
rH 

;s 

o 

Oa  CD  •*<  '— *0  COClOOOIOOt^t- 

SS°!§S 

g 

•** 

*-( 

SirH- 

CO 

a 

1i 

en 

o 

ooo     oooonoooo 

ooooo 

rH 

8 

•!« 

ii 

03 

e- 

1 

1 
1 

5 

o 

Oi 

C^                          rl*C5  rH  O                          rH 
CO                     rH 

OOOtJ"©!- 
COCl        lO 

rH 

1-1 

lO 

455 
989 
861 

1,406 
343 
240 
946 
942 
600 

1,103 
704 
250 

COOCT  t~CO 

s 

0 

o 

o>  CO  -t*  '-^o  cocioomot-oi 

OOOOrJIlOt- 

10 

T-l 

OIQOInJCJrt^OOICDCOClinCD 
CO^        CO  O  01  1-1  (M  CO  CO  00  CO  r-( 

C<OC»-l<t- 

rH                 ,- 

T-< 

■*" 

01CDO        OICOOOOOOlCOCO 

aOtOrHO 

CO 

eOOl               »-1                     rH         00         rH 

S    ^^ 

IN 

«• 

Ji 

^ 

rH* 

o 

0050      oooioooooodo 

COt-l                »-l                 i-trH          t-COCI 

OCS  CO  oo 

■* 

»H                rH                tH  t^         rH 

CO        rHC^ 

10 

rH 

c 

1 

J 

> 

i 

a 
a 

< 

1 

,  c 

-t- 

4- 

;< 

1 

.i  J 

.n    c 

2  : 

^: 

in   •.'£ 

d 

o 

1 

i 

a 
o 

> 

a 
it 

^     CO 

(DO.!: 

■         f- 

) 

( 

to 
.9 

ri 

a 


a 


3 

a 

9 


00 

I— I 


s 

o 

O 

o 


'S..-3 


a; 

o 

B 

I. 


a 

8 


II 

•S  "= 

a;  £ 
•*^   Si 

s  £ 

3  to 


lO 

03 


»H  rH  <N  55  rH  «  IM  r"  «  .1  IH  rl  O  r-(        »-t  r-l  C4 


o 

OS 


CO  t5<  t-;  CO  T)>  00  ^  00  rH  05  tH  00  rH  O   'W   O  CO  lO 

o  CO  CO  irf  oi  t^  »^  oj  CO  ui  oi  00  oi  a>     »o     lot^oj 

CJi-HC^rH         iHC^i-iC^rH         ^-1  CO  r-i         *-4  »-» 


c<ocoioootoi;ooqcoiocoo     cqt-oqoo 

Tl<rt'«^i-5^iHCDC0C010^^>0t-i        eOOJCOTl'rH 
11         rH        rt  CJ  -_^  1-1 


p      O 

00        t-i 


o 
at 


ojco^nj'i'piNiop^ooioop     eo 
lo  o  o  00  lo  CO  ei  CO  lO  c4  c4 -#  CO  d     ci 


lOt-O 

^«0  50 


s 


OS 

1^ 


00  CD  Ot- 
0050C5 

OCO  CO  ^ 


oo^o>t-co»Q^asC5c^ooc<»i 
cocO'*e^iMc5T)<ricnrtTjioo'*i 

CO        t-l  1-1  < 


ca  c^  O  CO  O 
— I  -HOQiM 
Tj^OO^CO  CO  lO^ 

00  oTc-J^^t-T 

C5  t—  CO  lO  cs 


oooo 

COOOtJI 

Tj>^codo 
dc^'oo 

t—  05  O 


o 


Sopg;ioo«t(NiQoiNir'oo 

IO»-<CJC-?C4COOOi5c^»OC10000 


o 


S9S 

00  00  c^ 

coco  lO 

COt-lO 

(M 


COCNCO 

oo  A 
1-^ooti!' 


ID 

<1 


1-t 


■s<Ti<t-pio<ooqoqpTiio»ppco 

CO'*C01<10COt-^C^o6lOr^COCO(N 
1-t  CO         f-l  n  r-lf-l         i-lC<li-(C4 


OlOO 

Tl<(MCO 

cocN-ai 

1-1      t- 

00        T-i 


O 

c» 


OOrfOTi'Oc^cOcoO^OTl*^ 


■5> 


o 

-T3  2  uS     -     •     • 

„  ==  ^  „  „     ja-3-g  a-^^lfg 


s.|>5.S°sj| 


o 


i  —  °  5  »s  >i  S.t3 15  ^5 .°  ■"  "¥  <«     li: 


-a 

o 

-o  ai'3 
ccOm 


g 


9 

O 

>, 

w 


I    I 


<   < 


a 

d 
o 


05 


o 


-si 
O 

»— I 

O 


02 


i>  o  w 

J)  «  § 

§■" 


o 


J5 


V 


Si 


«5a 

e  a 
•Ts  a 

v-3 


3  V 


05  OS  t^      00  ic  00  1^  t— <o      oqt-^oo      C5(No5a)io 
ooo      oooooo      ooo      f-^  T-i  o  o  f- 


s 


o 

05 


oooooooooo 


•^  ceo 

t-  CD  CD 

ooo       T-»  1^  O  O  tH 


ecic^T}<     «ocooicot-o 


CO  t^  t-^  c-i  c 

CO        rHf-t 


o 

OJ 


g> 


t-njco 

t-^oi  CO 


00  ii  IQ  CO  03  to 
t-^OJ<NOCOld 


Old  00 


CiiMCDoO  CO 


loooto     t-toO'ijaoe^     cooooq     t-;c^i»c^io 

lOCOiH        »0  C^  »-*  C^  ci  1H        CO  rH  ^        cilOf-^CDcO 


CO 


COOO       CO^t-;CDCiO 
lii  00  »H      Id  1-J  o  t^  t— <>• 


OOCD 


O>b»00  d  O 


o 


0(M0 


OOOOOOOOC^'^'+^O 

OOCDC-lCDOO^OiC 


^OOOOO^^- 


T}*-^t-fMC.C0O51OlC00 

t-n     Ti"  lo  d  00  ■*  <N  e< 


gooT»<oo 


(M  tO<M  ■*  CO 
CO  r^  *-*  r—  T-t 
lO        IMCO 


OC- 
COO 
CC  iH 


o 


SOlO 
«D(M 
CO  lO  t' 


CDOOOCJOO 
a)0<N  CD  00  (N 

00  lO  Ol  ^H  O  ^-1 


CO  CD  15 

«  r— o 

omco 


^  O  "i- 10  c^       C-) 

V-l  1-H  T-l  — <  6* 


5g§ 


0_t^C5_00_^05 
Co""*'lO.H  to 
T-COO  (M.-( 


coira 

CDC^_ 
O  iH 


10 

o> 


i-<  O  fr-        CO  O  C^  t-J  03  CO 

loot^      citO(NCS'^c4 

cJSrl        Cq(MCO-H(NCO 


ci  »-i  c5      ci  r-i  c-i  CO  c4 

C0(N6»        <N(S00t-T-l 


C-  O  t"  cd"00  t-  O  t-;  to  t- 
t-^  o  CD  CO  t-  CO  CD  ci  -r"  cj 


<co(r>      eoooiocooj 


!-•  I 1  tjj  en  I™  w'j  ".^  1-  »  '-^  I- <        ^  ^  t^        CO  C"l  h-  CO  U5 

c5  Ttl  CO  S  CI  CO  M  t- •*  CO        COCOCO        10(Mt-00 


Do," 


a 

o 
tc 

0 


3  c8     .  p-  ^ 

Q     OJ     (J)     O     ^ 


™  s  -s 

■s  is 


a 

^  K  S  £  b  >> 


.  3  o 


3 


a 

3 

a 

3 


§ 


m 


o  g 

I-  « j3  ja  j>. 


< 


o 


C5 
r— I 
I 
O 
rH 
O 


H 

>^ 

I 

I— I 
H 

H 

C/2 


w 

H 

C 
H 

O 

H 


8 
a 


V 

11 


in 


iq;De>^t-;ioK50t-<»oiOT);poo 


(T^  to  COO 
'^  ^  CO  t* 


t-.(NOOO«poOOt-;t-;OOwOOlOO 

OC<it-^«DtOtDCOTl<lOt-;iO^C5Cq 


coioioc4 


(MOOOCOCO'1<^t-QOO-*QOOOOO 

^  C^  OOl  CM  CO*-i  I ~  ■" 

CO  r-t  •-I  rH  tH  t-H 


lO  CO  rH  CO 
COrl  C^i-i 


t-rHtqr<C0t-0>C0OIMt-C0<MC0 

lNrtiC3(MCDrHOOlOOOn<Ot-000 

C4        t-t         r-l  r-*         rl  r-1  rH  C^ 


(M               rH 

1-H 

2,858 

119 

1,135 

1,147 

^^ 

•  1-H 

i 

rH 
C» 


o 

rH 
05 


lO^C^e-XNOSQOrHCOCOOOSlO 

lOoot-ooocooscoe^'i'^ocooo 


looeoco 

CO  o  0:1  rH 


CO        r-i 


"-.IS  .,2 
^■5;  -  a, 


ClrHCDeSClCllOI'eOOONC^ION 


o 


c^SSSSojibcoSSSSSS 


«    S   <0   4),,^ 

1^  s—  « 


OS 


'^OSOCO^Ot-COCOOlCCOt-l 
':t<Tt<00COa>00-J<t-iC00rHCOC-»L. 

Tti>*oo"3«t-eooJcO"a't-t-iococo 


;S 


CO  (N  t-  CO 

CO  CO  '^»  -^ 

CllOlOCO 


t-rH  O  lOCO  lAC 

CO  Qcoc5o5co  e 
lO  CO  00  lO  CO  o -• 


)  CO  (N  I-  t-  O  tH 


^o  coos 

O  CO  CJ  CO 
tJItJ'COtH 


OS 
IS 


in 

OS 


OCOODOt^-rHiOOCOOOOCOO 


ODC^CIOOt-COCO-^-^^lt^CSt^CO 
'i"t^mOC^t-CD-*-4lt-.COrHQOrH 
(M^^COC^<MCOC^O(rH<NmiO00 


rH  O'*  r-c 

in  **<  (M  OS 

CO  OS  t*  o 


COC^N 

COrH^ 

o'rn'S 

55 


o 


C^  rH  CO^CS^CO  OS  O^r-^-^OS^rH^CO  00  CO 

rH  rn"  r-T  rn" '^  ■rtT  co"  t-^  rn"  CO"  rH*  in  CT  fo" 
C^OSrHCOCOOCOOOfXMCOrHt-CO 
INC^^Cqi-HNeOrHOrHCJrtrHCO 


CO  OS  CO  CO 
OS  00  CO  oo 


IM  rH- 
t—  rH  t-" 

rHOOt^ 


(M 


■2.h 

-s  to 


SOOOrHOOlOC^Jt-Ot-O 
t^Si-il— CDQpCOCOCDOOOO 
o      1-t  o »-« oi_as  lo  1-t  t-  CI  t—  t-  o 

00        O  Oi  lO  «0  (M  rH  t- ?0  IC  t- CO  c» 
r-(         C^  C^  rH  rH  f-H  T-1  *H         rH  C^  ^  lO 


OlOrH  lO 

gCOOi  rH 
^C0_C0CO_ 

(N  rH  rH  r^ 


S 


■<1>CD 

in 

CO 


00  rH 

CO  *"* 


SCO  t^OT  cios  00  o 'i*  in      ^  OS 


feOSrH«0 
coQin 
■   -  coos 


ot-osoo 

O  rH  t-0> 

(NrHrH 


i-SS 


CO 


cT 


^ 


^ 

? 


OCO» ,     - 

OOCJWOOOS  c 
rH  00  00  Tj<  d  OS  C 


.  f  CO  O  00  CO  CO  OS 


C^COOOrHrJCOt-OOinOS-r-^OSt- 


os  in  00  00 

rH  CO  O  CO 

CO  in^co_co^ 
^'int^'^ 

CO  rH  -M  ^ 

com  t- CO 


"T  OrH  CO 
rHOS^^  ^ 
COlNrH        O 


in 


o 

OS 


rHincoos(Nc<iininosomoosco 

OS  rH  rH  r}4  CI  OS  t-  CI  r--  C)  C-l  O  rH  t' 

rH^in^in^rH^os  1-^  ^^  1-t  in^co  OO  rn  o  co 
CO  t:f  co'-d^cD  r-TrH't-Tco'i^co'co't-^od 

CDlOOrHCOCO^OOt-IMOOCOrH 
COt-OcO'l<CO'3<COCOrHt-t-inO 


inos  CO  b- 

os^co  os_co^ 

rn'rToo'rir 
H^  CS  t-^  OS 
rH  (N'^CN 


•  ho 
;  a 

:  o 


■a   .  » 

©©•■•••■OljCJia-- 


bo 
3 
o 

2.^  2  2 
•32-3  S 


o 

o 


a  <8  > 

•«d  -AA  ^ 


grHC3  m 

rHrHrH  CO 

t-*  rH 

C-^  OS 

oT  cT 


a) 


w 
I 
3 

o 
H 


laAeiococooqoioeoon 


^  b-CO  05  Oi 


O 


c4«tococJc4T)<tor)<eoo»^ 


t*0  »-^  w  t-- 


s 

3 


O  b-  »H  OOO 


ri  C^        CO  Ti  r^  rH  ^  r-l  C^ 


3h  « 


OCOCOCOOCOW^lOCOCIO 
(N  cf  CO '*''c4"  ^^  im"  CO"  ci  lO  of 


t-  t—  C7S  CO  t- 

•*  t-  OT  t-<  to 


o 


Cli-it-COlOCOcO-^O^DOO 
CO  Tj»         t^  CN  Ci  T»«  t- lO  O  lO  t— 


cocp  t-  oo 

C5  -^  CO  Tt<  CO 


o 
m 


§Sc 


t-iaojeoQO 
cod      i-i>a< 


si 


•^§•5' 


Oi 


o^tocoooocoocccoot- 


Tji  MO  ogeo 


0> 


moooN  t- 

00  03  O  C-1  CD 

c5  laoooo 


o 


tot-oocD^-'io^HOttO-fab 

a5i-HOO-^C50^C^(MOCOCO 


q3l-ll-l<0'a<r-(t-MiH 


t-  00  OS  i-l  I- 

co<;o  la  00  o 


0> 


cOTfOejosioooomot-i-i 

S^oT-^Moo  f-rooi^ifft-rbr-jr 


OOQC^«0 
CO  t*  »-t  t- -* 


o 

1-1 
Oi 


oooo 


g^oiooO'^iM 
o  o  c^  "X>  o  o  »a 


QQOOO 

CO  O  S  §  00 


e^  i-H  Q  lO  •*  CO  oo  t- oo  00  O  Cq         O'^MO' 

^•*c505cn^ -*oo  « -fcoos      oot--*'c5t 

»HtfI  iH  1H  rH  i-l  t^  TJI  S>  eO         1-liH 


3 


^ 


^^eooooic^coopoot-io 

O  00  CC^ -i^  05^  O^  iS^  00  CO  O  (-^  iO^ 

h-T  »rf  oT c4" -^  Cn"  t^  cf 't  CO  t-^  CO* 

THC<lTj<COt-<M<NCDCOCOCOt^ 
IMCOOSt-'i'CDincOOOeOOCO 


►-  e->  00  t-  ■» 

d  "^  O  -^  CO 
l-IM^'H.CO 


o 
o> 


<-i(Ncooeoi-iooooo(Mio 
ir5co'^oo:'cot-0(MO'ti'l* 

t^C^OO^C^CO^OS^ir^CD^Cl^O  co^co^ 

^Hcoooeoot^iNi^ioociC^ 

^  oo         i-H  00  •*  t^  t- t— 00  00  CO 


glOO  o  o 
COOOQ  CO 

-4'ooo'co't-^ 

O  O  CO  CO  CD 
L3  rMCOCi^H 


8 


s  p  t-  rtl  ►'^ 


a 


^  H   n  It   P 


4.ii  H   3  cS 


4J  2  o  P  ®  o  J;  &-a  u  .5 

■*J  3  i-S  ti   oj  o)  O  ^  p  f^  f^ 


:  „•  K'^  •« 

tw  CO    t^  ^    h 

t-  1)5  J3  >> 
t>  v^    >    l^    rt 

a)  :S  «  o  .a 


•* 
•<1< 


CO    •  io 

CD      •  iH 


1=3 

CO 


a  -^ 


s 


3 


1^  -i<  »^ 

COM  t~ 
o 


CJ05  .^ 
00       A 


fc-oo» 


ejiooo 

T 

CO 


t—  CO  rH 

«>co.S 


S3 


OS"*  t- 

"COS 


s 


o  o 


ffi    (V    i3> 


>>s 


3  3 


"s? 


•5    H 


•Al  -^  01 

mhq 


•M  '3  01 


■/AS  9 
01  ^S 


jesmOTjieo 


CI  CO      W(Nion«co^      CO  fH 


oi  +  T 


SS9J  J.0 

•MSI 


t-<DrHlO<N^5COT-l^•Ot-001-^Or-^cOt' 
lOrt<COt-(M0010mi0  10iSlOCO<N'-<r-l 


s 


t-l  T-t  C4  T 


in 

00 


o 

CO 
CO 


Si 


OS 

1—1 

< 

< 

I 

o 

W 


oot-t-tOrHiooooo^eos-jooiOotoeo 


in 

CO 


Total 
capac- 
ity 

tD^aS'-^C5-^t'b-0<M<DiriCOC^<N^»-i 
cTtH               iHi-t         t-<  I-*  C^  i-<  <M  CO        r-t 

i 

|l 

i-lW^rt        lOCM        rH  il  <N  C5  C=l  CO        r-l 

CO 

I 


o 
H 


W 


to 

OS 


'M  -3  01 

MCiQ 


»-(CDTj*t*COC-3t-C-'0<O^CO^'S«0>»nt-t— 
C^«*         C^C5tH(M         rH  1-1  *-H  lO        CS         fH 


■A\.Hl 


COlO 


eo 


•M  3  01 

o%-\-g 

«^SSS5SS"-2;§^SSS2SSS 

ii 

fH 

fH 

'AV3Q 
0}  +  S 

2^2SS25^S5:SS2;g3gS?3S 

00 

in 

fH 

■Ai  3  S 
Of  -\-  T 

Ot--l<>Qt~C010»-«!t<t-t-05Q0C0C0(NO0S 

o 

o 


t-    ON    ^  K^ 


o-^r-fHmo^e-tHeO(NOe<ica<OtHco(N 
00  ci  Tji  Ti<  CO  00  eo  t-^  CO  t^ 


oco 
tdao 


■S  s  =»^ 


'^ 


s 


NOooeoiocOffrtt-cooift-n  000000  ^.H 

T*»C^O(Nlft<MC0»H»0<Mt-C0a3l0fHf1*.HC0 

CO  fH  fH  CO  fH  *H  ,-)  C<  »H  C^C^^C^fH 


CO  t- 


cooo 
efco 


^    ri    in    ^-  Jtf    H 


V 


« 


fl^-Ssfe 


.a 

bo 

.  3 
•   O 

H    l~t 

'^i'So-e   ■   •   ■■3t3 


05  j^ 


3  0)  J' 13  a 
t^  '^  -w  ^  'O 


3  d 

O.H 

o  «> 
MM 

°  9 

3  o 

WW 


o  o 
HH 


o 

M 
o 

"3 
W 


i9 


bo 

a 


CO 


OS 


> 

O 
H 
I— t 

P^ 

;?; 
o 

Eh 
< 


1^ 


QpOOOO-flOOOOO  _          -^ 

^OOCOOO^C^IOOOO  OSOOTiJC^ 

1^  OCO  coco  W05  OlOi^  »ri  O  i^rl*lOCllO 

O  OT  ^-<  CO  1-1  t- Oi  00  T-i  CD  t^  (N  t— •->  lo  GO  t- 


W  C^  O  ^  »-l  ■^  C*5  CO  t- 1^  rH -^         lO-^^^^ 


10<M  O 
Ori  o 

CDC^  (2 

S»  t-  o 


OlOC 

o      ~ 


I 


*  4A    OQ 

5.-S  a>  o.a 


9 

X 

31 


g. 


lg 


2 


^1 


OOeoOOOOQOOOOlOO       QOOO 

ooocooot-oooot-ot-o      ^ooo 


1^ 


t-.05C^cic01'<Me'5rl<C0OCCT-l(N         rHCnCOOO 


rHQO 


I 


to 

a 

■■B 

a 

o 

H 

» 


i 


•s 

s 

s 


^ 


1  o  g  g:  s 


■s|«a':;'5'ao 


•g, 

3 

o 


n 


<1  >>6lOCt 

^  a  o 


2 §1^1  mi ossi  o||," 


:4d    QQ 


§ 

<s 
o 
"3 

I  s 


w 


o 
tri 


s> 


to 

a 

_3 


1 


H 

XI 
H 

O 
I 


'^  e  s 


■S"a 


•S 


s 

^ 


t 

.1 
•S 

e 


o 


o 


10 


o 

OS 


O 

T-t 

05 


10 

OS 


(M©0>>0t-tOIM>OQ00ir>o>miQ 
^o  ^'^^^'^^^ao  f-i  r-<  o  o 


o 

ft 

o> 


ft  CO  CO  ^  C^  f"  OS  O  CO  *-<  10  00  1-^  t*  OOf-IOSCD 
CJ^O  r^OO  C^«0  (>)^IN  CO  t- iO  to  t~  OS  O  CO  K  S 
i-<C0rHr-tr^r-(t-1i-(rH    rH  C^'i-T^   CO^f-TcTci* 


CC  CSOO  1-H 


s- 


gSSSggSS88SSSg    g^SS 

00  OS  CO  p  CO  t-^  o  ^  ci 'sJ  ^  ^  o^      06  c4  iQ  £3s 


.0 


^iOM?jt-;c5SooSoooco®S 

OOS^OSO>OCOO?5<NC5  00JOS 
Q^r->  t-l  r-f  a^  T-<  <-<  rl  a  t»  si  C* —li-) 


00 

OS  - 
IN 


OiaiOC^OQb-lQCOCDOSCOCO'^ 

.§  §  J:  §8  iq§  S  g  gfi  f:  S 

£^000010  CO -irfTt-rfroT CO  fTTtT 

tP  CO  CO  10  l^C^CO^IO  C^CO  ITS  r}<  rt  (^^ 

ffiSc»ooio'o5'"ioT)i'T-rr^os'«r(M''to'     la^arc^ei" 


COlOC^lM 

inocn  t- 

*^cc'cTo" 
r;  00  00 

C^  OS  C^l- 


Jcsosocooousasot-c^i-icoo 

(MCOCOTj^OOOt-C^t-COt-OCOt- 


s? 


^s 


t-«OCOt-TJ"*00»-lt-rtlO 


s-^s 


^ 

moos 

Ore  (M 

!N 

S 

ScS^ 

OS'.SIOSOS     1 

Tjl 

SoSa 

cooos 

COOii-l 


lOrHt-COOSOJt-i-iOC^COOlCO"^ 
T^COi-H»-4        »H         t-l  tH        f^  r-l  C^  Tt* 


223,957 
113,649 
116,618 
170,173 

(-4 

•0053  (N 
OSi-n-l  SI 


<coi-ieoco<-i(Ncoooe5ooJ-t~'~" 

^10  00  O  OS^CO  •*_«*_OT  to  ^O  OS  t- 
Tj<CSCOMCO«OIOC 


Tj^COlOt- 

eocoi-rco 

COINOi-l 

00  l-llH  T-t 


s 

CO 

rtC0^t^WO'MM«fl»-t00t-05TH 
'S'COCOt-OQOt^t— ooo«co<;D 
CCi-iCDT-i00C^C^t-«T-iC0t-U5w 


i-H  CO  00^ 

00<X>  t-.^ 


o  ■*  ■^■^t-^rH^b-^T-i  CO  55 10 1-  00  c5 
GO  iQ  CO  cj » <N  lo'iot^cf  oTio'id'^gj" 


COi-HO" 

t-  C^J  TJ«  < 


coeooios 

g»H  CO  *H 


OS  O  00  CO 


c  s  c 


■u 


o  <»  o 


:§ 
•a  •  (D 

-a  O)  O  ia 

*  3  3  m  «  03 


.  J3 

■  be 
•  3 

■  o 

•sf  «<§ 


3    •    • 

°  :.9 

0-7? 


«  "  5  3 

O   (U   O   (4 


I    IB    J    « 
„    0)     I     (» 


a 


.1 

o 
a 


-§ 


o 

o 

H 
H 

w 

H 


II  i 

J^  ^  § 


IS 


^"3 


a 
a, 

8 


» 

^ 


o 

OS 


o 


OS 


o 

0> 


o 

OS 


OS 


o 

OS 


9i 


^  Q  t^CO  M  O  CO  »-< -^  T-l  t*0        CD  ^  t' t- t* 
Ci  O  00  rH  CO  OT  t-^CD  CO  CO  rH  (N         •"ilOOj^'OCO 


CO  o 
00  OS 


(N  <D  53  <N  CO  la  CO  nio  •!<  •*  I—  or;ooto»^ 

OlCC0t^OOOT}<»-(C0l-O  CTiCOcDOOO 

OO^C^IO  t^C^JO  CO  C0^CS^03_C0  ^  f-H^OO  00  CO  T** 

f-Tcoi-r^'i-r     coeo'eft-^cOrH"  co^eTcfi-T 


coosOi-HCONQiNaJe^os'e^ 


OQOOO 


SS§'>j;§5ioioSoo8oo 
oocooo6(N(NOJcdo6ococo 


cioSooo 


oiocoo5eoeom>-(>-iio^Q 

OSOSQCD-^t— ^iO»O'~«'-^0& 
00C0^.-<_l6rJ<^Oc2t-^10C0O 

iM -*r -h"  h-T  tC  (o  co"  irf  CO*  co"  c/ OtT 
£3  •!<  eg  CO  CO  OS  coos  CO  poos 

COCOQOCOCOClt'l-lAScOCO 


emiocpcp 
OS!  is^ 
^OO^OO^'^CO 
C'l^co'co  co"c4* 
CO  tr*  »o  ic  b- 

W_CO  (N  00  lO 

WTiTiocoia 


© -H  eo  ^  in  •*  >-i  to  o  T)<  lo     t-ot-.H,.< 

O  t- CO -^  00  lO^  (NQQ  »— O         *-<OOf-0Or-( 
00  O  T-«  CO  CO  lO  i-<  O  CO  O  CO        OOt^cOOSCN 


CHMt-1-tThOSOt-^'^CS^ 


•*  00  in  OS  -^ 

;t;  c^  o  c-j  cj 

CO  lO^iO  t-  Tjj_ 

eoeo'cDcoeo 


_OOOCO-*C001005C-)03' 
O  CD^^H  ^— t^0SOC^-J*'^O^ 

S>2"-*  cs'c-ros't-^-^oTco'cfo' 

ai-f-»jiOOOCO*-»t-OI:'COO 


CO  o  CO  r~  1M 

W  ^  W  OS  OS 


»'><os(NpeON>HocO'H 
b^cooooociciOt^io 
5^os_o  os^c^o^t- c^oo -^  p5 

s  c<r  t-^  c-^  CO  cT  h^  c-f  CO  co"  t^ 

^-»-«T)<cOC006)t-OCO 


CO  g  CO]*  •*  ( 


NlMa)CO<NiH 


T^  ^  00  ^  CO 

co-^'cpcfoo 

■l<COQt-^ 


ooeocooococoeqcq^osoo 

COOOCOOOOC^^lOlOt-CDO 

c|^Ti<^o^io  o  t-^co  CD  >H  CO  5  55 
o"  oo"  lo"  Q^oT  t-^  t--^  i-T  cT  cT  CO  lo" 

•HrHf-IM  <-(  C4  f-l  T><  iH 


r}iC^«J<OS00COCOi-(r»i|NlO00 
OS'—r)IO^fOt-COt--«IOSt- 
00COi-lCOC0»-tOS^ClCO00CO 


eoiM^too 

—  -^  CO  CI  00 


§$; 


^       C5  ^  ^H  »M  CO  ^H  c* 


■■I  ;.9 

<-*   ^   1^    O) 


S'-a 


a 
3  a 

o  » 


o.=« 


CO  CO 

T-C  CO 

coco 


•OS 


cot- 


5?2 


coco 

os^co 
oo"'* 


lOO 

IN  » 

(MCO 

4 


est". 

coco 
•-I  o 


u 


OS  »-t 
00  00 

into 


CI 


oo 

U3 


ISO 


3 
.a 


9 
o 


«3 

ai3 


s> 


a 

Or? 


■s 

§ 

-o 

o 

fl 

ei  b 

e 

C3 

h 

o-w 

«t-l 

a 

.a 

p< 

r^ 

00 

3> 

T-( 

,a 

•>!< 

^ 

bo 

a 

S 

"§ 

1 

7^ 

o. 

a  a 


W5 

I— I 
05 

l-H 

H 

8 

< 


r-1 


w 
o 


US  00  OS 

.. . -'COCOrH 

OCO  t-05^t— -^  C»  OCD  t^        CO  CO  CO 


«» 


t(N 


1<C  Tl<IM 


<0   S<34 


OOOOOQQOOOOOO 

•Q0000100000300Q 

:  (xT'^'^eo  CO  ef  cf  CO  rt  <NeioJ"c4" 


iQ     ^  o  e-i  o 
»-<■"     >*'coioti<' 


SJ 


a  OS 
Si 


ao     C- 


a  • 


OOQ     -O     -OO     -OO     -O 
coo     -CD     'OO      •  U5  00     'O 


o 


C  «3  A 

g  s  s 
si 


•OB 


(MCSCOCOOOS^COOOOOOCOCOQO 
OU^CriOiClOCDlfSt-H^r-IC-JOCO 
05  CO  I-*  CO  O^f-J^OS^OO  ^i0^t-^C0^05^0_ 
t-roro"co"t^t-^ -^Cf  ofrH^CO  r-To  CO 
*J<'*005COCOr^C^Oi-tt-COOc5 
»-H  •-*  tH  tH  C^  rH 


.a 


21 


>ooo«o 

Soooo 
O  CO  O  CO 


oc 


■H       .coco 
8         -^ 


11 


1    -s^ 


o  ^  o 


•5  «■ 


Se 


j^o_o-^c 

to"  i-T  0*1-^06" 
t-i  Tj»  T-(  h. 


.  oocooc^coo 
ca  t*      looooo  J-] 


Q[->l<lOCOlOlMOi-lf-t-CO«005 
^t^i-»COOi«^(Nt-Ht— COOQt— coin 
OOt— U500t-OO^COOllf565oO»CCO 


>eOr-(t-l       T-i        ilrH        r-li-IC*IO 


O  t-OlOCO 

^H  O  tP  05  ^ 

t-^  OCO_^C^i-J_ 

CO  cococoo 


a       -^ 


1-2 

s:2. 


C^  C5  CO  t^OS  C^Ol  Ci_C5^TH  Oi  lO  t-  Ci 
?P*  CO  Tl^  cT  IC  IJ^  O"  q"  t-^  O  «£"  CO  cT  o 
C^iM        »-<        »H        fH  rH  f-l  rH  CO 


s 


eoOT'^io 

CO  .-.■+  C3 
tOCDOCO 

cncooo»i< 

0>  rH 


<»C5 
Oi  rn 

oin 

OrH 
00  r-l 


t—  CO 


o 

00 


!l 


OO 
^CJ> 

Oco 

CO  00 
OQ  i~t 

55  00 


COCO 
OCO 
00  t— 


53 

■g 


.a 
bo 

o 

o 


I 


-a  a  o      -3 


•""3I^S;35 


,a 

CO 

3 
o 


g.3 

p  o 

^>> 

©■o 
WW 


o  o 


<4  (H 

*  s. 

1^S 

O    0) 

«J= 

*^  1-4 

c3  » 

•a* 

.2^ 

^1 

•s^ 

f)r4 

•*» 

ja.* 

oH 

.Qn 

^ 

a 

o 

o 

p. 

^3 

t>  o 

•a  « 

*>  S 

ja"* 

.■s=> 

^S 

S-tf 

gs 

■o    - 

600 

"5 

eS    - 

«<=> 

•^;^ 

•o    „ 

«'*■ 

as 

i^ 

Oju 

•o 

5 

tj 

H 

a 

s 

s 

O 

o< 

<u 

u 

o« 

13 

CJ 

^ 

"^ 

s 

^ 

0 

Si 

a 

CO 

>,-^ 

e« 

o 

O. 

hi 

t> 

BT* 

^ 

.a 

^ 

■s 

a 

!zi 

o 

(0 

■CI 

ex 


f-H 


O 


I 


;?> 


.^  *^  r 


1 

1,1 


•3 

O 


^1 


8 

I 


(N  O  N  ^  CO 

rt  C^  '!<  00  1-1 

c^  CO  lA  rH^  t^ 

t-T  lo  CO 


g?  s 


§ON  -OOOOOJOOO 

OrH  -OQQOOSOOO 

O  t-^  •  iO  G^O^O^Tj*  O  O  o> 

f  (Ni-I  11        (NCOOlOr-ie* 


00 


o 

s 


§00000000  o 

tpoooooo  •    -o 

_^-5,0  O  O  O  O  O  ;     ;  S 

I  o  ^od"o"crc«"o  o"  I    I  lo" 
.  m'-'Tfimt-c-oo 
«4c<                        -I 


s 


OlQ 


•s  •?§ 


o  ig 
cj^o.  • 
in  to   I 


88 

oo 
tnia 


z 


)OOC 

>ooc. 
>  o  o  C-) ; 


10lO'-l•*lOQOt-OOOC^ 
<NH         «<-<         Cti-Hr-lCOCO 


ooooo2o222 

SogoooSooo 
^00  o^c^o^o^o  o^o  t^ 
t-T  00  to"  lo  »^  oT  o  o~  »o"  o 
oocno^.-iootoo-J'c^N 
toco'—'     a  T-i ■<it oi •—' 


to 


fOQOOOOQCllOOO 
C00Tt<OOOOO-J<QO 
_0  rHO__lOC-l,0__Tl^-#  t^__0<3>_ 

O  l£5 -^  to"  to"  t-- 1-"  cT  c^  to  C^  t-- 

00'**^OCOtO»-"C^Ot'COCO 
<MCOC<COi-l       CO  IM  ■*  ■*  IQ  t-l 


tS 

J9 

8 

2 

8 

1-1 

a? 

t- 

r-i 

CO 

s 

Sii 

(2 

Si 

^ 

lO 

to 

a 

CO 

rH 

05 

oJOOo-fmooCT>t-05ico 

8t-oocoTj<toiOibOTi«^Ttt 
■•^  C<l  rH  t^-^  »-^?5^C^tO^C0  05^ 

^-H"co"orc4'cro"^oo"crii:5  0* 

10COeOCOOOtOQt-03t-t--tO 

?5eoc5iOi-i      CO o CO  »* ■<l< i-( 


to 


11 


1-1      c> 

to      cq 


t-      §      S 

CO  ?4 


IS 


oooomooio 


SOIOOC 


i-lrHC-lCOOt-fOOt-COC^O 

-H09      ^  eqMc5'J<eo 


O 

8 

C3 

s 

o 


Xi  o  H  i> 


-  S  o  S"  s  ^ 

a  *j  p^  iH  a;  <D  O^avT^r 


I 

43  frt         11, 


«    N 


3  tS 


O 

H 


hi       a> 


3 
n 

^ 

& 

hi 

(U 

o 

^ 

» 

IS 

;>> 

.9 

> 


g 


g 


is 

o 
13 

§ 

"3 


=■"2 

la 

2S 


3 

o 

s 

o 
•3 


o 

3 

^^ 
§s 

■■3!' 

o  ® 

p.  Pi 

P<C4 

l^g 

o  o    - 

g    OL3 

■S.S2 

*hi  "  -» 
■5  0=; 

»  "^  00 

gSiS 

a  .5 

eS  o  o 

P4 


00 


■3 

33 


xn 
in 


S 


t.  e  £ 


■S|8 


is: 

w  ^^ — 


I 


^ 


■si 


t 


10 


o 


10 


o 


in 

T-f 


o 


o 


o 
o 


OS 


o 
53 


0010  "* 


£-OOt-i050SlOt^C^Ot^C5^^CO 

o^otrC'soOMOcoioibeot^ 
o  en  .-^o.>o  t-;^»  rt'*  03  r-  (N  c5  o 

10"  co"  "^  c^  c5  T-T  «"  qq"  00"  t>^  Ti^  oT  lo"  ;o 


o  (--co 

<N  ^  -^  i-( 


m 


g§ 


t^  (M  »-t  CO  "^  Oi  00  O  •H  CD  00  10  t- y^  ^  h,  OS  »-t 

t— 00  O  10  00  0>(M  C5  t- CO  T-H  5S  «  t-  OOr-OOTH 

CD  1-H  C-J^-*<  l^l^OO  COCDP^C^CCOOOS  t-OOSO 

CQ  c^ -^  CD  C4  ^  t-1 10  00      ooooioob  ■^OOCOt* 


OOpOOOOOOOOlOOQ 
OT*^^T-H»-»T-ii-i00r-<0>T}J0500O 

CDCD^COTj4TjiTl<<^>ac4^fj^T)< 


;  la  Ti<  Tf  CO  la  in  10  >a  ?4 10  >a  10  la     Ti<r-cDTti 


lOcDiQQOi^'finoooTHiq— (^iio 
eO(Mc5      e<< '*  55  CO  <N  ri  e<  «  A  >-i 


OOQOOOQOOOOOOlO        OpOQ 


(Mcomooooooooooin 

CnoD-3<pt-;T|HpCJpTl<rH03C^eO 

uit^ocO(>ib*oicD'ijoi'^o^^ 


coTt;o^ 
iriio'oj  t-i 


-     _  ■(lodseo^'iocoioc 

»-1rtC^iMr-tTHr-i»-HT-)»HiH»-Hf-tC 


50COQ 

'00  10  is 


QiM'ficococoeoeoioiopiococD 

Q0»r500CDCiOO^t-t-OO00t- 
rHC^rlflr-CNC^eOr-CCl'MnrHCO 


80  o  th  CO  t- **<  •- o  00  CO  00 -**  th  (N  10  go  CO 
**r^''-^~'*»"OOC-1(Mi-'(:Na5CO*H  ^C^r*<^ 
CO  <N  t-l  ^  T-i<M  <N  W  CO  11  C^  r-(  CS  rH         »-t  CO  «:>  i1 


^ 


OOO-*  CO  Orf  CO  OOQCDCqooCDOO        05.-I00O 

cD36t-ia35.-ioQ^^o?qt-Tt<o      <»«oooo 


Do.. 
1  o  o  ^  5 


13 


•S|-S|^'§;S2       ^^«cS 


3  3  «  <» 


S3  S  S  3  3  g.rt  5  5S  rt  «  3       "oS*® 


eOiO    g 

OtI     Q 
CD    Tr 


CD  Tl<     in 
T-i  1-1      05 

t^CO     C5 


o 


s 


^     2 


10 

0) 


t- 


U9         CO 


1-( 


10 


I 


t—        1-1 


.3 


a 

s 

u 


3 

o 

.§ 

o 
_>. 

» 
I 


■a] 


"3 

n 

I 

<o 

bo 

a 

M 

a> 

«1 


s 

S 

-i 

i>3 


m 


m 


9 


10 

CD 


^        CO  rH  tH  iH  r-t      tJ* 


O 


C0':0'^<M05C0OC>a><N<M-H 


tH  »H  •*!  OS  i-H 
C^  CO  16  O  O 
tH  r->  C^  T-l  ,-H 


u':tcot-ooooco-+icinoioc^ 

O  0_0  O -^^G^Cl^in  O  O  CO  CO 

c r -4^" crT i-T 00" t^ ol  o  t -  CO  00' o 

i-'C^t-C^lOiMlC-^COrHi-.C^ 


Q  "f  t-CDOO 

05  00  i-H  :0  O 
05^ CO  t-  ^'^ 

t^co"cd~co  tm" 

■^  (M  CO  Tt^  It- 


eO<NT**COCOOOCOCOQCO<M 

C0T-ic^:0t~-OO00i0Cit-Q> 
C^CO^CO^CO  t-^CD  CO^lC^CO  U5  CO  o 

5~r  lo  CO  t-^  b^  CO  i-^  CO  co"  oT  cr  o 

^COG<lCiCOCOO»-'rt*t-OS^ 


CO  ^  0010  CO 

•  CO  -^  t-Ci 

irstNOT-ToT 

COC^I'^O^tH 


S! 


« ■£  ■£  ^ 
•e  cL  §  ^  .8 


s^-a 


t,    JO 


b55 


I 


ft, « 


in 


t3mo5iOT)<c<5r)<eoioMioo5 


OQOOO 


o 

OS 


^  C^  <>l  CO  t^* 


Sj 


'?5' 


CO  la  CO  IN  CO 


■a 

Oi 


>ioM;oooioict-ooco 

jcOCOTj<COCOCOc4«S<<NIOt-^ 


(5t-.p-*io 
Tfi  CO  r(<  (N  10 


© 


COiO  »o  -^J  o 
ci  CO  ■*  (N  ■* 


10 


<M  Iffl  CD  CD  CO  <-i  - 
CO  "-I  *  ^  CO  r-(  1 


o 


CST*<e-CDCDQ*-tOiQ^-'^00 
rH  1-1        rl<  0^  S  <N  •-I  CO  CO  «  t- 


10 

OS 


t-^oocot-oo5t-ci»-I^cot^ 

^i-<THf^C^         1-t  f^  D^  tH  CO  C^ 


S22;2i8 


© 

OS 


C0T)<O<Nt-0SNOC0-HO't" 
»-H  fl  T-H  tH  Ti  rs  ^H  »-«  rH  »-l  C^ 
«»    


rH 

OS 


COT*<rHrH©00^0S(NrHt>-eO 

rH00-a<e-1'»"mcCCDCli-iCDCO 


^' 


5rH  tOCOC 

5t-i  ^  1H  c 


© 
OS 


CMOOSC<ICSOrHt^COt-l 

oorHOsioocJcncor-iose 
^eoi<<Ncooj(N<NeOi-i( 


>CDCOCO»H 
•lOCOOlO 
lrHCD(N(M 


10 

CJ> 


ClOOOOtNrHCOOOOOrHOOeOC 
^        COrHrt  rH  rH         CI  £ 


OSIOOOCOCJ 

do? 


10 

rH 
OS 


OOrHt-t-CSCOOO>INrH-* 

osS-tuMuiio-fcomoocj"* 

rH         ClC^-'i^ClCOOIlOrHrHCO 


00  CO  CO  OS  rH 
31000  t- OS 
^  rH  NrHrH 


O 

rH 
OS 


o 
o 


t-COCOt-rHN^CDtlrHlO 
OlOrHCDCDC^t— OSCDt^TjH 
rH        (N  CO  rH  C»  rH  (N  <N  (S  rH 


t-a^(NIOTf< 
rH  O  t--  10  '^ 
Dl  d  CO  rH  rH 


'  a 

■   O 


>i  •  bo 


no 

K  9  M  iu>*^ 

«4J  H  3  « 


§ 

s  a  -s 

.S  rt 


-  s 


SCNoaJisot.  £-5  « .9 
P-w   fl«  IH  qj  OJ  O^L^SlTC 


1-  »  R  J3  >. 
S5  I  fe.S 


1^ 


2g 


s& 


^ 


Pi 


o 


rH 


00 


CO 


u 


§ 


ID 

a 


> 


•o 
■a 


o 

s 


bo 
ce 

.2 


10 


5 


bo 

a 

•3 

3 


o 
H 


•a 

3 


o 

a 

OS 

•a 


•a 

3 
o 
X> 

3 

o 


o 


rffOCO    *  OO  rH c5i3    • 

com<N    "oto    ;    •    ■    ■    'oto    • 


CO       t— 

>n      00 


IQ  00  lf:>  rH  T-t  CO 


O  i-(«DO 

*  r-(  •  OOP  CP 

;  oi,  :  CO  wS 

^  i-i(Meo 


s 


to        C4 


n 


05 


£- 

4 


o 


s 


00(M        t- 

•  lO  CO     •  1-t 


■&' 


lO 


i 


2S 

CO  00 


COO 

c^co 


CDOaiOOOOCDCO-^Ot-as^O*^ 

i>^  o  oT  ocf  h^  co"  oT -p"  o  o"  od"  (o  t-^  lO 

CDrHOOOOJi-llr-i-lt-C^'^rHCOTt* 


CO        O        - 
«5        t-i        1-1 


§3 


a 


o 


St— r)!t— eoo>t-«*'coe«3t-tococ«5 
■^(NOiOCOTj<i-t*i<^000»^0 
tN^OTO  -Tj^-^lO^t-^^t-^t-^O^^tN  CO  CO  C^ 

Oinc000C»1003CT>iMW&lcNC0 


00   CO  O  05 

CO   (S  O  O 

C')_   r^  lO  O 

rH  00  <N 

-,   CO  O  00 

CO   .1  1-1 


S! 


CDlOt-CiCit-tOC^iHrHOt-i-HO 
«i  iC  CO  Cl^Ci^CO^O  O -^C^CO  rj^^i-i  CO 

■^QlCOat-iriOJCOQOCOlOr-iOOO 


fr*  '^'^  ^t-  -""^Oi  '■"^ 
CO  ;:^w  ?^t- S:^^  bS> 

CO  .^  CD     •  Tt<      *  T-«      • 
COCOcO'i'Oi^^t-'-l 


Co 


oi<Ncr)iciooiococoiH<pQWoo 

t-COiniOrHt-CNCOCO^QOlOb- 

o  ccTirf  CD  lO  c^*"  CO  00  CD  CO -^"irrfN  CD 

C^OOc5cOCDlr-lOO>lO<NCOCDOlO 
tHi-Hi-hi-h         rH  1-t         f-i  »-H         ^ 


CO  '"^O  ""*•-'  """^CO  '"^ 


<5  00  00  ^^  — 


O  "^  to     .  -H  ■=  rjr"^ 


0O«5 
OS  CO 

rH  Co" 
O  t- 


CO-H 

1O05 

CD  00 
lOCO 


s 
s 


I 


■a 

a 
o 


a 

o 

ID 

.4 


CO 

a 


o 
I 


O5«0 

oo^ 

en  O 


00  C5 

t-o 

C-1  i-H 


t 

s 


Si's 

a  o  ? 


to 

3 


-g    2 


§.2 

WW 


■u         rs  --• 


n V u Q W W M S i£jS;z<fMi4H    n    S 


&: 


o  o 


o. 

o 

*J 

o 

P.T) 

ti 

s 

iS 

CJ 

(C^ 

s 

a 

5 

3 

•M 

o 

=3 

i 

t-> 

A 

^ 

o 

OD 

1 

■M 

^ 

V 

,o 

OS 

•a 

•^ 

c< 

3 

bo 

4^ 

o 

<11 

tv. 

o 

"1)13 

xi 

<u 

H  fl 

^ 

x> 

a 

ii 

<» 
■* 


■o 


C5 


5<J 


o 


m 

CO 


CQ 


:§ 


o 


f 


:?S 


00 

■o 


lO 


o 
<5 


00 


lOlO  t^m?D(D^lOOCOlO  «H  CO  O  «P 
coo  '  OT  r-H  lO  O  ■*  <N  Ci  O  Oi  CO  »-i  I—  ^ 
Oi  »-*     •  CD  ■^  O  Tjf  »A  O^  *-<  CD        W       lO       CO       »H 


coo     •  I0050 


•"tf^O       0>  Oi  CO  t^  (N  CD  Tf  CO  ^ 

»-(  a>    •  o  o  oo  t-o^  b-<N 

C<»  00      •  !>■  CD  i-H  ■^  ,-H  i-H  CO  t- CO 


I 


s:; 


-4"  TiT  t^  o  oo  t-^  ITS' o"  cT  t-T  ocT  c*5 

C^WO»CQr-l        CO  e^  ■!<  ■*  lO  r1 


?3    n 


■^     o 

in 
o 


in 


coinmt-ooojt-Mcoojo 

OOO^IOOC^QC-IOC^C^O 

CO  m  t-  Ci^co^oo  o^oo^iri^c-i^ci^t-^ 
oT  o  T+T  ^  t-T  in  t-^  oT  o"  o  CD*  CO 

<NOOCO'*S<l«51"rtr5  0pc» 

r-ic*     tfjtH     e^  c<  ei  •<i<  iM  11 


•<j<  o  CO  e»  s 

^H  M  in  »-i  oo 

1<^  O  <i  CO  t^ 

CO  CO  cjT  o  oT 

a»  CO  CO  t-  «j" 


rj<  in_CO  CO  C5_0  C5_t-^Cri_0  ^00^ 

o"-^  TjT  in  tC  t^  in"  in~  CO  o  co"  co" 

1-^(NCOr-^O5t-COC^^^C0t-t- 


S^gj 


t—  O        ^CN  ^-^  CO  •"!  CO 


t-CDfHCDOiCOOOiOOt:-^ 
CJiOiCOO^OC^b-OSlO'^OCa 

CO  CO  CO  t^'^ci  crs_cs^cD_»o_o^o 
irT  c^c^f  cT  h-^o"  irf"  co"  c<r  oT  o"  cd" 

-^COCOt-lOt-lOOCO^-HCO-^ 
r-fCO         COrl         (MCS<Nt1<WiH 


CD  ^"^OO  '"^r^i  ^TQ  ^"^wJ  '■"^ 

o  "^  o"^  co"^  ^°-  co'=^ 

t-t^COCO;5«DjHCD^,-l 

c^  ^      c:^  c^  ic  CO  lo      to 


^ 


§> 


:  fl 

o 


^    .  a 

m  .  •- 


5»>  O  "  O)  S 

"S-S  «  o  ^ 

«,2  H  S  cs 

rt   JJ  N    o    O 


■d.% 


.  a 

3  CJ 

/-I    113 


•<  <1  W  O  O  (-1  iJ  a  PM  or?  ^ 


CO 

a 


■a 

IS 

£3 


3    12;    »    > 


o 
H 


<o 
« 

,4 
■*» 


p 


=1 


o 

CJ 

^ 

T) 

O 

** 

3 

P. 

a 

o 

w 

o 

s 

2 

s 

A 

o 

■4^ 

P< 

0) 

f1 

£ 

1 

n 

QQ 

4-k 

•s 

(S 

^ 

P4 

o 

o 

m 

S 

a 

® 

ja-C 

cS 

o 

cS 

-O 

1.1 

tu 

O 

<D*t 

CO 

o 

o 

® 

Tl 

■i:; 

q> 

H 

s 

^ 

.Q 

a 

o 

u 

GO 


Si 


(sfuao)  apma 


pwd 
funomy 


<lftiHOS 
'  -5  r1  -* 


(N  I—  ■* 


•*  2  00 

0»  1-1  Ol 


oooopmiN 
i-oo  cS  t-  ^ 

O  O  I—  00  IM 


t-cc  10 


(NCO  r-     I   rt        rt 


:l 


^  CO  CO 

oocno 
CO.— 00^ 
CO  t-To- 

^  t-i  C^  C 


cool  w 
«oo3 


<o  t-oc 

t-H  0JO5C 
t-i-IlOC 

oot^  coc 

CO  t-^Ol 


Soo-)5e 


CO 


CO  10  CO 
oooco 


CO  (-.CO 

CO  « 10 
CO  c:*  o 


s 


co3< 


I 

OS 


Eh 


67   ^   ^ 


(sjugo)  iptyiu 


100  cDia  cio 
000000 


.  CO  00      .  CO  LD  00  '^ 

•  1^  ^     .  ^  .-,  C-1  10 

•  00    -lOOOO 


•^  CD  CO 

SCO  CO 
00 


CO     •  <M 

o    -o 


pwd 
junotuy 


cooot-iooo        •  C3 CO    • -" c:»  1^ c 


3; 


ocoo 

.H        CD 


•O 
'cD 


(s;u93)  9pvtu 
HAL  3  -t^d 


(N 


C<I 


3 


oooco 
f-t  .-t  10 
eooo  j-i 


pwa 
funotuy 


O  Q  CO  00  O  C-l  C^CO  O500C^Oii-"CDin        •"■        O^O'^ 

CO  CO  >-:.oo.<M  CO  ^      i-i  FH  1-1  CO  in  CO  00      to      co__eo  10 

.—  r^eO        005  rt  10        of       CD        rH        (^f 


II 


•§ 


.0 


■s 


.§• 


I 


■HMJl'i^d 


>00COC5  llO-^ 


10  CD  CO 
CD-*  w 
T(<01< 

«'eo 


CD      •  00 

S  :3 


ptvd 
}unomy 


wcD05oe5e3 

^  O  .*  00^00  oo_ 


^^ 


t-oocooe^oo.* 

COOJCOOOOt-COOO 

ej,«co^ocD05,e^co 

t-^eOCOrHcfcOOOCD 


8 


OOtJICO 

■-"Dia 

CDc4"«0 


:?§ 


^ 


•HM  X  ■Md 


T-t  N  O  C^  C-I  i-« 
r-i  O  O  O  O  rH 


•  0000  •  C0M5  C 
•COQO  •  (NIOC 
•00     'rJiOC 


to        C-1  lOcO 


O    -O 


ptvd 
iunoiuY 


IN  CO  00  coo* 
005t1<OOIMC 
t-  iH        CD  i-<  ' 


•CO  00 


'OOSINt-. 
".#  CD  CO  rH 
■CIO       Tj< 


"     -OS 


^ 


C/2 

o 

H 

w 
o 


1 

0 


(s%uao)  spmu, 


CI  10  <Q  •#  CO  <» 
IC  t—  (N  r?  f-H  W 
000000 


S5S 

0.-IO 


CO    •  <s 
O    -o 


pwd 
funoiuy 


*H  CO  CO  CO  O  -H 
.-(  u^  w  CD  CX)  C^ 
eO^MNCO        rH 


OOO-JIfJCOCONO 

S.-I  0  CD  O  t-  00  CD 
Tjlrllr-I        lOCIQO 


»HOOS 


t~.     -CD 
CD 


^ 


•HM-3  i»d 


pwd 
junomy 


^ 


e 


lS}U30)  9pvm       2  ?l  J2  CO  5  S 
.„.  ...^  .^  A  o  coco  00  en  CO 

•HAi3:-i»d\  ^  -^  ■  -^ 


00 


10  .in 

-H  .  O 

0>  -00 

c5 


pwd 
junouiy 


lOCDOCOCjTff 
CO  t~  00 -J  CO 

CO  0>"r.^^»ft  lo" 


lOiocoosor-coo 
t-c^coejr-i.-io)^ 

o  o  r*  00  in  co^c^  o 

lOCJ'rHCOrH'oO  t-^t~^ 


CO  CO  01  O  00 
CJ  CO  t-  O  t^ 
CO  CO-.J"  O  t— 


CO 


3.  '^ 

in   '  oo" 


I-i 


^00  C^*-"  C-  »-( 

o  oT^H  co"t-^-i^ 

05  OS  CD  CO  05  1-1 
kO  Od  00  LC  IQ  T«t 


iS    8 


ITS 


CO  "^O 

t H  -^ 

C4COO 

oo^'oT 

CO  lr*iO 
^        CO 


coco  CO  cs 
0:1  C-l  05  CO 
CO  O -^^^f^D 
00  Tt^co -^ 

'J  O  00  t-- 


"3 
I 


.S  8  °  fc.2-. 

SS  O  rt  3   3 


•.a 
:  150 
.  3 


o 
.0 


t 


M 

o 

"5 

a 


ISIS 
<«  ^  <?  ^ 
H     H 


CO 


«5 
1— < 

a> 

»— ( 
I 

I— I 

Oi 

T-H 


W 

o 

H 

PL, 

O 


B^3 


•§8 


(sjuao)  9pma 


co<-i   ep   00  CO 'f  «9  OS  S3  «o   n   m 

CI  CO     O     05(NG000-^Ot^     lO     r- 
C^O     CO     U5  O  05  "*  ■*  C->  (N     O     OT 


«-H  »H     CO     ^ 


r-t-eooM 

CO  -t^  Ol  CO  CO 
TJ^OO  t— Ci  CO 

1^  t-^1^     '  CO 


coco 


ptvd 
junouiy 


ICO  --i  M  O  CO  CO  00 -#  05     00     lO 

Tt"  ^  ,_,  6^  ^H  O  t— »-<  CO  r-t      (N      00 

CO  O  t-  O  0^  OO^rH  C^OO  t-^    lO     00^ 

lOrH  cT  t^lOr-TcOOCO'*'    tjT    r4" 

>-iCO  r-l  C^  (NCO<NCO     ^ 

«©  


OC5COCOCO 
O  t-;'a;0OrH 

t-^  ta  o  ci  t-^ 
1-t  lO  o  o  o 


(s)U)3)  dpvm 
•HM-JI-t^d 


ss  s  §? 

o 


:g  :  :S  8 


•00  CD 
■  r-O 
-OO 


ptvd 
funomy 


00     in     rH'J< 
00     »-«     CO  t- 


.  CO     lO 


•Si 


^ 


g 


fti 


'S 


'\&    ^    o  t-  M  o  lo  o  o    tr    f  I 


t-mcoot- 

(N  (NO  O  O 


pivd 
juriouiy 


(stu9o)  9pvm 
•HAL  JI  ^d 


CDC-l  CO  t-O0000<Mt-Q  rl  C^  OCOi-dMCO 

r-<a  t~  iicicot-cococo  CO  co  S'^flTVB 

(N  1-  00  <N_lO  CO  1-;^<N  rH  N  Ol  00  CS 'T  CO  O  O^ 

^^r-  eOM         r^nri-«  ri  CO        (NCOci" 


i 


,     -     — e^T)<co^   o   § 

CO     f-i     la  ta  Oi  ri*  ri*  rP  CO     CO     lO 


O  rH 


C^  ^  M  ifl  *-« 

COCOOO  rt 

Tt<  ^  Tj*  d  O 

"co   "   ■    ■ 


ptnd 
lunomy 


(MCD  C-1  <D«-tOCOOCOO  i^H  O 

t-O  CO  CO  O  "1<  C5  •-<  O  O  O  <-l 

■^■^  Ci^  rf  O^IO  ^CO  lO  CO_  Ci  o_ 

lOr^r  CO  OJCT       t^ooOoT  00  rn 


t— 103^  CO  t- 
00  «0  00  CO  o 
C0-#05^Tf  C-1_ 

rHcflOOeO 


(s)U90)  gpvui 
■HAi  'JI  -^OJ 


O     10     •     'OOC^^     CO 

CO    m    ■    •  (Mo^^    CO 
c^   o    •    •0000   o 


ptvd 
funomy 


Ot1<     CO     e<     .OOCJIMCOCO     o 

f-t-    c5    !-■    .•s<lOO(^^o    w 

tert     T)<     10     .        COi-loOi-c     o 


SOlOCOO 
T»IOOC^O 
COO        COlO 


(y;«93)  apota 


00    O    gj 

00  s  © 

d   '      '     ' 


»  00  CJ  Tf"      o 

>.-l  CO  --     r-c 
5000    O 


SS8S 


ptvd 
tuiioiuy 


Tfi  CJ     t-     b-  l5  (N  0  t-  f  1  00     I-     t-i 
C^  CO     ^     CO  rHCOCOCO     C<l 


COOQ  t-O 
f^  CO  10  (N  CO 


{S)U90)  9pVVi 

HAi  -jr  -13  J 


pjvd 
fUTiotuy 


{s)U9o)  apvui 
■HAI  S[  •*»€? 


,    .   o o 

:  :  8    :::::::    :  S 

•    •   o 

r^;  CO     '•  '•  '•  '•  '•  '•  '•    .  o 

;^  ^  ;::::;;  :  " 

CJ  00  O  CO  .  .»-lCO^O  o 
t-lO  CO  t-;  .  .OOOCOt--  O 
O       *      t^H  "       .       •       *       •  •      ^ 


00  t^ooin 

(NOOOOr-OC 
00  00  (O  rJH 


ptvd 
funotay 


t^CDO^^t^'-lt-OOOWlOQ 

o>-)<-Hco(MOmcoococo2'° 
cocoeoot— ^oo^»-it--^C30 


CO  o 
o  ^ 

crTt-^T 

00  I- 
fflco 


5 


coin 
coco 
in'* 

ofo 


00  t- 


^ 


CO     . 

8  : 

o    • 


<ooo 
000 
t-00 


0  0  0  »H  CO 

0  00  b  CO  i- 

»-^in_O^W2  CO 

TlO    <N— 110 

(M        »HCO 

CJQ*1<  OC0-t*OOOCD»0 
0000  10  CO  00  CO  T-<  O  CO  CO 
CO  O^OO  ^CO  C^C-1_0  ■--_C^rH  o 

o'—T-HT-g  th-jJ'co'co  lOo'i—'-ir 
<N  01a -Sin  I 

*-^CO  1-3"  r-i  O  t-i  C4  (N 


5S; 


«-•  -t<  lO  Oi 
»-^b»  0^00  I— 

t-  t-  *-<  cs  <^ 


O  CO  rH 


255-" 


a 
o 


•    60 

:  o 


.0^  ■- 


n 

5  a-" 


a 
o 

13 


a 


3       :i  u 


5  o,C3t 


I 

cS 


o 


0)    N 


5 


I 
o 

Oi 


^ 


o  to 

.5  "2 

It    03 


'ft 

00 


»— I 
Oi 
I— I 

I 

I— I 


O 

H 
P 

m 


H 
O 

D 

I 

o 

H 
P5 
Ph 

o 


o 

l-H 

H 

« 

H 
t/3 


"a 

3 

'3 
e 
o 
u 

Pi 
t> 

H 
O 

■< 


§1 

"S-3 


U;wa3)  iiP?"*,,    a, o ifi ^  t~ c6 oii^ o>  -V  m  •-*  n  -t    co'^cnin 
i/  41  J  •*»</  I  ^    •  ^    •    •  ei    •  _•  ^    •    •    •  ^    ■      •  ^  ^    •  I 


S  :- 


ptO(f  ^UTiOWfr 


iOCSI^irtOrHlOr-ICOO-^COOKM      (M'tO'^ 


•2  "2  8 

S    §    I 


H  Ai  ^  ■*'<!    o 


(M  01  in  CO 
C-1  01  C^  t- 
CXNrnO 


pt»(f  ;«noiu>' 


^  t- 00  ^  ^  (M  O  CD  c^  .  o  in  c<i 

^t^t— Oa      c<i<N00io        .  o  CO  00 


lOC^OOCO 
1000-* 
lO  CO  CO  IN 
•  .H  r-f  e<5      (N  IH 


°  "  £  S 
*»i  K  ^  V 


{s)U3i>)  ..piOS  „ 


CO  coco  IC  I 

CO  Cs  C^  »-( 


PfDd  tunomy 


t-^^^CO_r^co_CO  C^^CO  O  ^  CO  rS« 


b-CO  ^  •-t 
CO  55  !N_Tj^ 

ooeJioco 


^ 


.- _.  _         t-COOOCO 

OOOOOJt-«(Nlf5lN     -rlt-OO 
INC<'<  OOCOi-JC^^      •THOe^r-1 

o 


004  coo 

00  lO  00  CO 
OO^NO 


ptvd  tunomy 


CO  ^  (N  O 
-    _  ,    ,      ,    ,  . CO  I—  C^  t-- 

(N  T)<  t- rj>  CO  rP  CO  OS  00     •  CC  IN  tJ>  c» 


I-  CO  O  O 

rH  t-l  O  Ci 

crT     .H 


•2  "3 
a  » 


si 
II 


{S)U!>0)  n  piOf , 


^  S   S  ^»<' 


I: 


{s}U9o)  )y3noq 
•HAI -H  J'»d 


lOOOUtlCOOCOOOi^OOCOO 
lO^-l^b-OCOi^'^^OOL'^C^C-lO 
1-H^  O  C5_ t-i_ O^ CO  CO_ CO  CO_ C5_ 00_  t-^ CD^ CO 
^  0~  »^ CO"  h^  W -J«"  O  "i*"  CO  1 1^  la" cT  lo" 
CTiCSCOCOrs-fClinO'-'COlOOlO 
OO00L'5OC0rJ*C0CSINC00SC33rH 


O  CO  L^  CO 
Ot-Q-* 

irToo  iffcT 

W  CO  IClrt 
■^  ':Ji  -^  CO 


f-l        «JI     CO  1-1 


•OO 

'o 


•o 


C^  rt 


•00 

■  lO 

■  IN 


2  a 

''5 


•  IN 

"oi" 


g    S 

•  lO     •  .-( 


.o> 
o 


a 

t 


i3|§S§  :  ocSSe 

S3ort3=§.<«c5S 


.A  . 
.  BO  • 

•  3   • 

•  o   • 

•  %*    • 

;  o    • 

•  a; 


C3      ,  CI 

■*"  ;  in" 


CO 
CO 
CO 


s^'ss->r 

Current  so 
(K.  W.H. 
(''sold"  is  us 
in  these  tab 
in  the  sense 
"delivered 

Olfl'KOOr-INwOlNIOOCO-l.-l 

-Kiooo 

coi-iin-* 

^§SS23!8gg52§J2Sgi§ 

IN  coco  lO 

Tl<00  —  t- 

lOcr-OJCi 

b-  »0  CO  CO^Q  ^  'tcit-^lO^-^C^'^ 

cot-oocoiSin-Hci5ooiOi<cOcoai 

sftsa 

£ll.-iCOlO 

^  rH^CO  CD  Tj*  ^COCOCO»-HOt-COO 
rH       of                                         i-T       cT 

CO_C<«  CO  o 
11             1-t 

OOOCOrp 

l-H 

l-H         IN 

c^  o  c".  y^ 

CO  W  COC5 
CO -^CJ^Ci 

(Ncot-^urT 

t^coc^  ■* 

t-l-H  C^QO 

Oi-i'cOi-H 
l-H         CO 


wo 
t-o 

■*  CO 

'ii'l-T 
CO  CO 
CO  l-H 


a  o 
— •  +> 

■a  B 
c3  3 
«  OS 


©    rj    oj  ^^     '^      • 

S.S  s2  '-To 


MS 


;_a 
•  <D 

:■« 

o 

©.£>. 
u  o  to 

O     r-  OS 


3> 

"o 
Oi 
C5S 
IN 
CO 
CO 

& 


«5 

T— ( 

05 


O 
H 

H 


•5"? 


S-S 


(»;uw)  p;o»    j 


■*lM(Nt-05(NCOTj<100COlO 


tOOOlO  C^M        to 


ptndjunomy 


tOOt-OOOOtOlClOtOlM 

lO  1-H^lO  00  O^-*  00  C-)_O0  TjH  CD  lO 
CO  Cd' to  O  ufi-T  CO  t-^  O  lO  00  of 


10  0)0  "C  Tj< 

^  oo  (j:j  ^  tj:/ 
coi-Tio'oo''*" 


s  e  g 
t  o  S 


(siuaa)  pjos 


pivd  funotuy 


OOOcOOi-lOOOTfOO 


h-    •  t—  ^^  r~ 

OS     •  0!N0 

i-H    ■  ooo 


i-fC-IOTt— OSCOOiC-lOOOlO 

JCDOCOt—  coiot^o»-<astD 

>(M  rt  05  r-(  (N  O  •*  to  00        M 


*  "  g  s 


ft^C 


*)  e 


QOt— OT-"^H05C<10r-C020C^ 

ooco^asocooooD-t<C5^ 

r-(r-llOOOtOO<NCOTj*OClO 


O 

o 

_o_ 
o 


pjocT  /wnomj.' 


'Jt*  1— I  C-)  -f  c-1  CI  t-  fO  00  t—  C-J  t— 
to  CO  t-^lA  00__O)  IC5  O  CC  lO  O  r-l 


rfiooom'co 


tomocoo 

Q  00  to  CO  m 

00C5t-;^>O«5_ 


to 


(S)U93)    pjOt 


cofrcooiigNiMinujtDcom      iNiM'-<m.-H 


«  CO 
(N  O 

o 


ci^Otioiooticooco 

COinr^OOT-«OlOO^ 


pivd  }unomy 


SCOlOCOIOlOi-f-^OOOJOO 

?OQt-(MOOlOCOOOC^OO 
_^io  «  o  CO  '"it-^.co  C5  o  cn_ 
i  CO  to  t-T     ^T-TrH  cTci  i-T 


CO 

13 


I?)        r-ciM  <N 


a 

«5 


05 
H 

o 

<1 


a  S 

S  s 

a>e 


{SJU33)    PJOS 


mot  j^»d 


C-1  CO 

00  CO 


lOlO  CO-* 
>  O  '^  CO  t- 
)C0  100»J< 


to  t-;00  C 
COOJf^rHt^^^rH^C-^yH         i^OSC-i  ^  CO     I    »-< 


CO  t-  in  CI  ( 
05  CI  to  Tj<  ' 

tocooi-it 


s 


ei  rt-j-ooin-*  005  cicDeo^      t-t-coo 

IQ  CO  »^  CS  C5  OOi  ^  O  t— lO  lO        CO  *#  CI  CO 

CJOcocorHTi>^'*dc>toe5      ^oot-os 


?? 


s 


»-i  lO 

oco 


CO  CI  O  t~  OV  00 
t-  CI  0>  t^  lO  rH 
t-;^OOTroTj<C^ 

<  oTt-^oraToo  o 

)r-IC^  coco 


^05CCC» 

*  "-Id-* 

00  t-  lO  CI 


!:-<£>  Q  as  I 
»-•  lO  lO  CO  I 


6-' 


O'*"tooe>o»i<-Heooocit~ 

tOOOCXOt-inOO'^t-OOCO 

CO  t-;^cj^eoo^otot~^c^_to__OT  S 
lo"  irf  ■«*' c  r  co^ -1^  Q  co"  lO  ^  cT  CO 

t-QCOOOU5T-i^t--.C<llOOOO 
00  CO  in  >-H^lO  CO  C)_CO  00  C^rH_^ 

Cf        i-T  cfi-TrHC^cf 


t-Ot-00  00 

00  m  t^c:)  ^ 

00  Oi^in^CO  i-J_ 

inco't'iocr 
00CO-;  lOO 
'^      O  f-i  CO 


CJ^lO 

oo't-^ 

coco 

CI 


■1  <o     "a^ 


■*s  a 


»-HCO"i<oai^asoocoiooo 

tOtOOOOOOCOi-I^O^OOCOCO 
C5^»--^l--^CO^C^t0^tO  *-t  C^T-*  O  OS 

wT  »-^  to  t-T  to"  o"  f-T  lo  cT  i4" 'jT  CO* 

CT)t— CSOCOrHCCCOt— ClOSO 

c^o^io  moot^moost^coira 


loooinoo^ 

t~-  t—  »-i  Oi  CO 
in         CI  O  CO 


OOO) 
CI  t- 

oco 
Ot- 


Oi 

8 


(sjum)  jySnoq 


•  I-  Q  I-*     •     •     •     .  »H 

•  in  in  Q   •   •    •    '05 
'  t-  in  in   •    •    •    -co 


CO  toco        rt  r-(r-l 


O  O  b*  ^  CO  00 

i;  05  to  in  cico 

S'  ci  to'  •  CD  CO  m    . 

to  -00  t— 00     • 

JO  :t-'i51  : 

"  1<00« 


a 

I 


a>  to  o 
to  to  o 

to  T-IC3 


»-t  O  CJJ 


.  CI  r-co 

.  t~Oi-l 

caiooo 


00 
00 


o 


s^ 


^2 


>»  : 

no 


•  a 

■as 


■  "  S  -s 


a: 


«-5  «  o.S 


<© 

CO 

"* 

■S" 

s 

rH 

g 

a> 

a 

l-H 

;3 

1 

'? 

Tft 

>^ 

Oi 


P 
O 


tq 


S 
a, 


ft 


o  in  ^  T*  «o  lo  to  (M  eo  iH  o4 1->  o  t-     oot-"i<'- 

rH  O  OO  O  lO  W  C-)  C^  rH  tH  f-(  C^  O        O  r-l  ,-H  rH 


g 


CO 

o 


CCOC^i-HCOOOCO-^OlCD^^C^Oi-i        O^it-Ot— 
CO  l—         lO^i-H  CN^CS  O^lO^tN  CX)  l^CO  O         O_C0  CD  rH^ 


1 

CD 

05 

1 


o 


tq 


e 
a, 


tH  O*-"  OC5C50  tH  tH  OO  t-l  NO         0«-<rHrH 


CO 


rH  O  t- i-<  I"  t- CO  CO  W  in  04  CT>  Tf  00   CJ  O  lO  lO 


rH  C^  rHlM        CO  rH 


00       ■* 

(N         rH^ 

o" 


^ 


o 

-31 


PL, 

X! 
W 

O 

>— ( 
o 


o 


o 

CO 


o 


^^■i 


tq 


a, 


8  :S8 

<6   '    '    ' 


mo   ■  'flo t-co 

as  CO     •  C^rH  rH  CO 
OrH     •  OrHOO 


•HftrfCO 
•  COQrH 
•OOO 


:8S  :  -.St 

,  rH  1-4     .     •  CO  I 


s  s 

o 


CO 


'^CI'^OTjJt^ejCDTtjTl^eOrHirirH         rHCOi:irH 

o 


O         rH 

lO        CO 


s 


t 

.a< 

■§ 

s 


•s 

•  o 


m  a     '^  s  ~ 
-    -A  '    ■ 

a  *  3 


n,  OS'S 


§ 

ID 

M 
o 
>> 

"3 

w 


o 
H 


o 


o 
H 


1—1 

05 

i—t 

I 

»— I 
05 


O 


3 

o 


H 
^ 


O 


o 


o 


5 

I 

I 

e 


1$ 


g 

w 


^ 


(MO 

d 


■3 
2  a 


t~05  SOOO  t-OlO  t-OrHOT       ^  "S  "*  "S  55 
Cit-T       CO"*-l"       i-Tr-TcA «  rH  CO        1-1 C* 


tot-i-ciooi-HOO'-iooine^o 

iMc^coO'*c2iO(rS''^2S:: 
i-iiHi-iNi-iomioeoi-iOCi 


i-ie<i«»ooo 
00^  « 1-1 


Sm8cSi2SS5Sccs§ 

O  05  t-  ^^  t—  »-»  O^^^O  IT  0^rH_ 

i-TffJ"     CO         oooitococfiH 


1- 


S'10C<300005000> 
•oc^ini-lcjiHrtjH 
O    'Oi-iOOOOOO 


b-    •  lOCOlO 

8  ;sss 


e©  .     ^' 


><»ooo© 
"  1  in  t-  00  f5 


(M     .  T>IC^ 


§:2 


;  Tj«  iH  (M 00  N  o  1-^ CO Tij   ;io 
'd 


fH  O  rH  OrH 


.OOOOfMOOOO 
,  O  C>  00^ 00  CO^ OS  I- '>J.^ 

•o     irf  ■*!-<'     T^'Sm 


.00     « iiocoo 

.  i-(        CO  t"  00  CO  op 


§1 


I" 
a 

a. 


OOO  "r-O  't-COt-(MCO 
MO  "OOJ  "^CO^CSO 
«<5rt     :  .-ICO     'r-IC^OCN"-! 


C^O     .000      .eOrHi-(QOO 

NN   •  i-Tef  •  CO  CO  i-Tio  eo" 


o    .  loco 

03      .  O  CO 
Tl<      .  •*  CO 


g 

n  •  -r* 
!*>o  "°  *  t! 
S   °   I;   «" 


a 

O    ® 


^ 


®  J2  N  S  eS    .  »H 

a«  s  p  ?!  5  2 


•2  &■ 


CO 

CO 


H 
O 
H 


«  t:^  ^  ^ 


lO  CO  ■*  <N  ■>!<  rt  m  ^  ^  ^  T)<  TO  Tf  <M        t-l«>tDN 


I-        00 

CO     ci 


•t;<Ni>)"j'050t-t--*"to^'*cot-     ,-1 

<N -3<  CO  >»<  rl  in  I— ^  CO        (SlOCOt-       00 


rt^  C-l  lO  05 

00  I'  O  C5 
CO  00  O-^ 


C5  "i" 

.-H  O 

CO  t^ 

I*  !N 

CO  O 


<^3 

CO 


3 


«5^ 

S 

X 
O 

o 


p- 


1 

8 


0^ 


b5 

^11 


•o 


.  meo    -la 

•  00   •© 


.  eoTjt 

■  IOtJI 

•00 


s 


•  t-lO 

•  CO  OS 

•  00 


o     o 


a, 


•  COOT 
•COCO 

•  <N 


CO        CO 

O        rf 


fc^^ 


•  N 

•  tH 

•o 
'o 


•  10 

•  rH 

•o 


I 

d 


.100 


ft, 


ft. 


•  0<5 

•  00 

"d 


•  »H   .0010   •©       •eoia 

:8  :SS  :§     :2S 


CO 

O 

d 


•      •  OT  C^     •  1-*  •  crs  rH 

■     •        t-     •CO  •CO 


g 


•  US 

•  ••^ 

•  o 
■© 


8 

d 


1^ 


s 


I 


•a  « 


•.£3 
•  60 

:  9 

.   O 
I    (-• 


11.1^ 


.a 
be 
s 
o 

£•§■32 


§  .3 

0  ^ 

,2?  i? 

W  K 

1  I 


•3o§&.S'-'SS-°s55'og    ^-^^ 


o      o 


05 
CO 


H 

O 
H 


^^S 
^  § 


s? 


_i  O  -T"  o  c-i 
00  t—  o  o  o 


eo  c^  L:i  CO  id  c4  CO  «  w  lO  CO  CO      coirfcoc^co 


rJ<t--oc£>C^00(Mrf»OO0000 

TH'»*«rHOt-t-OOlLOOOCOT-nM         C-lT^OOOCi 
t- CO  Ci  lO -PH  CO  C- <M  t- CO  04  O        CO  O  O  t- CO 


o 
c4" 


o 


m 
W 

W 
O 

Ph 

o 


O 


OQ 

H 

O 
< 


a 
«1 


S 


•  o 


•  o 


o 

a, 


.00  •«D 
.J-  .eo 
■  CO   • 


to 


0.1    -oo 


OOOOf-HCOQOOlMCOC^CO 
OOOOQb-int— •— QO 


gs 

10 -H 


•  too 

•  dot 


•  t-l 

•  o 
"d 


•  CO 

•o 


•  -HCO 
■  O  r-( 

•  00 


•  eo    .    .in    •O'J" 

•  «»   •    •to    •  t- 

■  •     •  •  ^ 


0000 


•  -fia 
•00 


'd 


t— O^  CO  C3  -H 

§COOOiO 
0000 


§?3 


•000     -05 

■  in  CO    -co 

•  OCi     -lO 


»-(  CO  rH 


CjcDt-otoo^toiNeoioao 

gOi'l^r-lt-.-iCOlOC-lCOCOO 
Tj'rHOOtr-r^ClCOeilO^'C^ 


03  lOlO  f-t< 

ooe5co»H  c 


II, 


eo  rt  •*  CO  CO 'I*  in  05  >*  «o  t- o>     ooei'-i^ 

C5 't  00  r^  CS  i-H  rt<  CO  10  eo  1-1  C-        «Ot^'*<(NOT 

co^"*  c- 10  (N 1^  m  0^0  i-^io^oo      lO^t*  eo  ,-<^o^ 


s 


55 

o 
d 


00 


o 
o 
d 


OS 

o 
d 


o 


s 

^ 


St 

a. 


:  a 
o 

bo 

a 


II 


b-a 


%  a-§ 


mo 


13 

3  a 
o  » 

■a-s 


O  iJ  1-)  Iz;  flu  aP  P 


*  4A    OQ 

®  N  >  *j  a» 
>■  -^  P  t-  a 


o 


•-4    r-4      rl 


1  sl  §  s  ^§ 


sg 


■a 
a 


1.  K 


§ta    d      ift  CO    c>   eoTTt 
_   o    55     *   -3;    o  coH 
««?  to    c^     CO   ^    to   eoo 


*H  CIO  Q   CO    CO 
^  (N  IN   t^   CO    00 
OS  00^*  Ml   CO    C<   ©4   2  ^ 


00  CO  CT 

00  ^  C« 

R  i  s 

to  to  CD 


p  s  n  s^ 

CO  *o  CO  'S'-;:^ 

-rfi  CD  rH  r-t  O 

O  ©  U3  t-» 

O  «  ©I  w 


■O     C4 


iP    CO 

5    S 


*H  00 

Oi  t^ 

00  oT 

0>  i-H 


*3? 

COQO 


^C4 
(0<0 

'-a 


»o 

l-H 

05 

r-* 

I 

l-H 

Oi 


C/2 

o 

l-H 

H 
m 
I— ( 

IS 

P 


^    QQ      CO 

o  S   <o 

fH   O     rH 


O    O     f^    •^S      *^     *^    C^O     O 


d£.d     09  d 


O    C^     CO       ei   <£     t-^  0S*O      ^    00    isw     o3      <o         « W"^      c5    t-;. 
CO    of    p4      -H    to     10    10 5i,      rH     eO    ^00     bT       t^         lO'^OO       c»    ^ 


§5 


c^ -^ ■^ 00 -^ ci ** rjJ ci u3 ■^ o  Si^ c4 ^ -(li iO o3 ^ ^ r^     ^     »o<o^^^ 


oS^OOpSooSiO^S^       W3000l2c?^SlO 

pojo^iO'NS?,     ooi'COitti.TesirJoiT^ 


IScofeo 


:^1 


SO 

f-H     GO 


S  S3 


§     § 


10     ■<»< 


la^li^    I    i-§ 


a> 


O) 


-    O     Ci 


<o   o  - 

o  •«  S  fee 

53    a    g    mcs 


3  -a 

_    * 


■3    ■?,   g  -<^  5P 


a  —  -co 


s3uij  pwMsa  sa!?i(2;M 


a 
o 
■w 
<a 

3 

C3 

H 


13 

d 

^. 

«  2 

■3  ^t- 

33  f^ 


93     CD 


s     ^^ 


'!a  :  : 

4)         .     . 

ii-a  :  : 

o  '  "G 
CM  --i 


odoo 


OS 

»— I 

I 

I— I 

a 


H 

HI 

P 


•& 

•0 

e 

,^ 

0 

0 

U, 

e 

.si-" 


a 


Is 

"2> 


I 


i  §  §  §     SI  § 


M       CS    1-1 


CQ       CO    0«     ^ 


coo      CO 

»6ni   06 


^  i  s 


a 


S  g  E 


i  ^ 


a  '^'  "o  a 


O  *a 


Moo 

ss 


§l§  g 


S    S 


§9 


ec   oDf-*    CO 
t-   m^    »o 


^  3S  CO  CT   o 

O  CO  rH  Q    S? 

S  S  8  §  S 

53  '^'  3  S"" 


3 


I 


^Bias^ss  ?*sss§ss  ^ssssssss 

c4^-^^o^e4c^        tOTP^^M^ci^        rH^^ustH-^-^to^ 


33 


00 

a 
o 


29 


i  s 


1 


fHOO 


1» 

!3  S 


►-2 


.so.  fs 
"So 

-  ..  .as  s 


i3  «)  H  o  c  JhJizi  phC^^    n  o  in  "a^- 


:'<3 
.a 

!&§ 

■ma 

sal  P. 


Oi 
I— I 

I 

»— I 

05 


i 

o 


s 

B 


^ 


5» 
■S 


e 

I 


S 


s 


.O     .OOrH 

8.  ooco 
.0003 


S:? 

:    S 

(NO 

o 

CI  CO 

•       CJ 

■s"s 


-^^ 


in 
•  o 


8  ^ 


CO     moo 

:S  :SS§ 


o  o 
.  o  n 

.  «(N 


SC^  Oi  COOT  O        iH 


O  t~- (N  CO -H  »-( 

^o<NOoq  lO 


s 


0(5  .-"lOo 


CO  O  O  CJ  < 


'  r-  00  '-I  o  as  c 

CO  CO  GO  -^  »-  ' 

O  CO  T-i  O  t-  ' 


00*-<  CO  1-- 
OOt-*  (©  t- 


o  iM  c^  m  i-*cft 

S(M  ■^  O  lO  <M 
coco  C^  Tj*  -»* 


*  Tl«"©'00  t-^O  r-T 

•  Tf  C^  CO  Tj<  O  CO 
1M  tH        C^  i--  ^ 


CO 
<0 


Oi  O  CO»H 

CD  lO  ^  t-l 

arco't-Tt-T 
c:>  CO  ao  lo 


e  § 
8  s 


O^-^i^^t^O^^CDOTH^^ 


Ot-»Tj<0^»0'-<OOiac^05» 


g^i  Ot-I 
O  IM  C3 
O  t-lO-^ 

(N  0.-T)! 


0(-ootoo«t-QOoa>oc» 
e^iocoiajicooscoc^oe-jcoin 

o5  o  o  •-i  to  to  >o  c-i  in  o  "H  CO  c-i 

COt-rtb-t^C5COrJ*OCOtHrOO 
CO  »-l  1-1^  CO  lOOi^t-OS^rlt-OCO 


OOr-((M 

CO  C3  O  t* 


.tq 

!^^l 
M" 


eo  t-^cocoioco^cDoTrt'io'crt-^ 


OO05  (M 

IC  C^  00  CO 


•-IC0  05CO 
C3  §010 
lOCOi-J  t-^ 


irorooTt-^CO  COCDOCOfTcOCOt^'t-^       COi 

(N  ff^  « IN  .I  •* .-« .-c  CO      c^eoeo      in      «5c 


b3 


oococoQcoeqc^t~cooo«D-i<cO'*o 

COtOCO^OCOt-OOC730CDOOt''N-^ 
co_o  c^eo  t-^-^t—  O  C^00^^G0^t^C»5^00^ 

e<  CO  CO  e*  r-c  IM  rt  rt  <N        r-cCO(N       «5 


in  CO  05  ^ 
00  C^  OOOT 

co'eTop 

t^l-H  11  CO 

IN 


•8 


^ 


'    03 13    2    1 
fl  °  t5  >  "1 


•  J3 

•  (JO 
3 

:  o 
:  o 

.    .XI 


n  u  o  o  M  n  M  S  S  S  iz;  PM « 


..a 
to 
s 
o 


coo 

lOcf 
«ferH 


00  LO 

00  -.^ 
ot  t-^ 

CD  in 

<M  O 
■I  CO 


coco 


lao 
e5oo 

t-o 
t^o 

cTth 

too 


00  t- 

IMO» 

oq_o 

(NcT 
lOt- 


00  1- 

.1  CO 

oto 


ii 


05  O 

coco 


coco 


>HlO 

CO  r)« 


ino 
cot- 

(NlO 

r-^co 


o  o 


!5 


a 


§ 


.a 

I 


CO 

o> 
OS 
m 

I 


CO 


I— I 
OS 

I— I 

I 

I— I 

OS 

1—1 

o 

l-H 

o 

H 
<1 
P^ 

o 


o 


<§ 


<^ 


•H 


e  a 

:§^ 


S 
a 


^^ 


,OOi-<  .00  03 

.  ^ocn  .00  b- 

.010  1^5  .010  Tl< 

•  M  rH  i-i  •  M  ♦-5  yfi 


§■1 


■  C^  C^l  00      •  (N  CO 

;  030  So    ;  ^ 


^  »-^  10 

CO  »-l  rH 


55 

.to 


CO  »-^  »0  C5  C^» 

.  OT  c»  in  .  "-^e^^ 

•  tp'o'o'  ■  N  cf 

'  •»*  r-<  f  '  r-i 


•CO 

•o 


00COe»'-l>-l<O5OO5-a<-H!DCO 
t't-»^COlOCOQC^)CO<MO^CO 
fHt^t^CDC000IOi-;CD0^<NCi 

coei'iiio^T-iN-^cicocoi-S 


00     •  r-«  10  CO 

10   ' mei^ 


OOOWCOOCO»-tcOOOt-Ht^(N 
i-H^-^OlOClCOrHOOlAOt— 

co^r^iq^oS  10  t^co^^^tD^co^-^^ 

OT  Co"  r-T  t-^  Ci' O"  CD  t-^  i-T  ^  CO  ^ 
T-l^         r-lr-C         CO«C<eOTH 


10     coejnt 
irf   •-4(rico 

•C^'-iO 


eooioi't-ot-O'-iocoOT 
t-^t'cTt-Tooioorco-t  co-i"'t-^ 

Ol3CO*HOO»-^Tt*t-COOOC5^ 
com        CO  <N  CO  *  CO  00  00 -^  (M 


00 


"fClCO 


e» 


►S.  .    CJ 


^2i 


t-^  16  o  CO  CO  CO  10  t^  ^  O^  a5_  Ir^ 
oT  t-T  1-h"  o~  10  ■^  10"  10  i-T  c-f  o  TjT 

€^rHr^C^      t-H  rH  T-H  CO  *H 


coooD  wo 

O  Ci  *-^  Ci  us 
ci  ?D  la  06  irf 

coo  iCOi  CO 


•5^ 


TfOt-OCDlOOCOOOOlO 
C000i-it-C^'^Tt<t-00Tj<'ri*O 


CDOOCOO 
«D  00  CN  tJio 

U^O>_CO_CD_i-H_ 

<p  CO  t-Tco'co 

OiC^C^C:)  CO 
CO        COC4 


2  » 


CO»-'»CCOlOt^CO(Ni-H-*CiOi 

eooioeO'a<'aH>-Jost-^coQdo6 


•I  00  CO  00  CO 


00W5e0C0t-»-l00COC0t^C0h* 

T-tiOT-tf-oQcot— cnt--iooo 
cq^t-  co^oo^c^o  ic  as^co^os^oo^oo 
^ -hT  .jT  t-T  Q  CO  cT  Q  of  CO 't^  T-T 
e^iOCjt-eo^coS'*'-(^i-i 
e&  r1 


oi<  >-<C-00 


Si 


•*•  ei  CO  o  >a 
ci  r^  O  t'  r— 

t-^CJ5_(N  CO^^O 

(NoToot-^co" 
t-eo>-i  ■*  CO 
t-      CJoocS 


:  5?  •  6c 

•  pa  ••- 

>>0  n  »  "3 
S  ®  N  3  cs 


a 

■£  §"•« 
•SJ§ 


3  a 
,0  e 


I  Si" 


a4j  2  o  «>  »  o  i;  sL'a  _ ._ 


o 

-•  t^^-o 


I 


o 

CO 


CO 

a 
00 

00 

t^ 


10 


?3 


o 


:;5 


to 

3 


<a 

OQ 


o 
H 


'13 


e 
J, 

i 

Q 
1— I 


O 


a  ^  V. 


.i" 


^ 


^1 


"B 


S 


f 


COOOrHOt^-^(MO 


»l<  i<3  o  «>  r- to 

gCO  ^H  CO  05  O 


■  -^^  00        f  ^  •-'  ^-  O  I 


0>  CO 
CD  I-^O 

^  o  1-t 


t- eo  "J  CO  t->  C5  OJ  CI        CO  O  «  00  IM  Tl<        rH       00»-in 

_C10q>-J0003OI-^        (Nt-;OTl<CO(N        OS        t-OO 

OJcOt^COCDcN'Ht^       03CSC-^^0i4<        (N        Oi-iT]< 


C0(NC5100><NWO  o"o  a 

oooioincOT-ioiNc-jcoco 

rHt-^TiJo6oc5o6'^CDO^c4t-^ 

coorco"co'^''ccorcro't-^t-r 

^"l"  CO  lO  IN  •*  rH  (M  CO  CO 


03  t-f**  00 


t-  .-o 
in   ■■ 


n_Or- 

fofoT 


IM  00  t—  COOi 

OOT  tOCOOT 

C5  c^  !>i  ci  00 


£JOt-COl- 
C5(M<N<N'S< 

<Neo 


00  in  00  CO 

CO  CO  00  00 

q;  -H  io3 

O  (M  CO  N 


.  o 
.  (N 

.  CO 


•3 


.3 

Si 


.a 


I 


.a 


Qco-fOcocD'Jcooooooo'^eo 

COt'-TCDCOO-HCDt-CO^i-Ht-OSCO 
Ot)<_05,OC0OT  CO  t^C0O05_C0T)<_b-.H 

r  CO  (N  ccT  CO  oo"  t^ '^  i-T  lo"  T-T 
>t-t-C5QOp'-COCp?5(N 
>C0-H(MC0?H>HT|t^iacO 


,-^  rH  COi-(  ^ 


O--!  r-( 


:S5! 

■OlH 


:g  : 


H 


CO 


I t-o  ; o t-^ Tj5 

.coo    .  oiac^ 

•  'i.'^    •  <N  t-  <M 


g 


;5<  55 


-o 


-2 

.9  §  S  S;  .3  -i  "S  a 
SlSossflMa 

n  u  u  Q  n  n  m^ 


»  o  = 


o 
o 


"    *-■    [-  \S    e8    f^        — . 


S3 

:2|:§ 


I  g  I  g 

—.   <D  ^^  9 

d   t"   C4  5 
-M  <j  -M  <j 


5 

O 

3 
5 


•3 


W5 


o 


o 

H-l 

o 

w 
o 


s.g> 


I 


§< 


^2? 


(MOOOOOO 
05  O  t-  (M  <M 
O  t^  I-  ^  lO 


IOt1<IOOCOCOCOO^OO  ^Tjt        CJOOCOCOO 


CO  O  CO  t-  t—  t—  Ci  1--  T-t  CO^'-'  CO 
^OiC^Oi-^  iM  t- 0»  b- lO  OS  rH 


coo  op  CD  CO 

CO  t^  CD  CO  CO 
rH  coco  t-H  CO 
<M  t-CO  O  CO 
<N^CS  rlOO 


co»oo>c^coiOTt*cocoa>cDC^ 

O  00  ^H  OS^QO  O  C^  O  T}<  i-H  lO  O 

1-^  r^t-^  c^Tio  f-T  co"  >j^  cT  co"  t-T  cT 

b-OCOOOCiOOOTfOiOOCD 
t-OTj*00':t<l£50'ti<CDt-rHCO 


^<Mt-O00 
C0Ci(MOO 


o  oi  CO  (M  oa 
oo  cocs  coco 

<N        CDCOC^I 


C^  rH  rH  rH  C^  rH 


r-(NC<lCO(Mt-00CN'rt4t--cO00 

3'Tr'^'^Ot^rl'cooooaioo 

aiOOCOt^l>;0'^t^t-(C005 
Icildt-^0o6c0rj<c0rl5c6'rl5^ 


t"  t-coco  t- 


cji-c^iocoob-coomcoiM 
pt-;iQt^t-^ocoir5a>ooot- 

g*0'«*-rj*o6wiooco'-Ht-^o 
b-Ci-i—C^CiO-fiOCOOC^ 
O^ir^^T-H^l-i^i-H^lC  00  00  *0  »-l  *-^ 

cj"  o"  b^  cf  00  co^  i-T  t-^  lO  TfT  tZ"  ^ 
g5t-(coc<»Ta<c<)o>OQOoooc« 


CO  o  ^  o  c^ 

i-i  CC  OC'  CJI  OS 
C5  -*  in  O  CO 


O^  CDCl  C^O  ^  *-<  CO00<N  t-       r-c^t^oooo 
OOCiS^lOr^lOtOC^OOOe^  i-ci"        rn        O  i-i  CO 


CO     •     •     •     •     iCOO     •     'CO     • 

3  :  :  :  :  :S2  :  :g  : 


o   .  in 


I 


U 


.  ft  ^  .  ,  05 

.TfO  .  .CO 

!"^co  ;  'ci 

■tOOO  •  Q 


o    ;  o 

(N        .-I 
lO       o 


n 


<B,2  a  3  * 
asSo 


a 
<S   . 

a  S  3 


;5^ 

s  a 

o  <o 

•  g-e  a  H  t».a 


« .-S  i  o  .3 


C0  05 
int- 


ss 

OOO 

is 


8  : 


5S 


?3 


3 


o 

10 


3 


I— I 

05 

I— I 

I 

o 

05 


s 


<§ 


^1 


8 

o 

s 


o 


o 


GO  O  1^2  O  rt  t-^  0<N  00  COOT  t^  ^  CO        O^rtOi 


tH  t-  C-1  -^  Tl  ^O  CC  O)  ^  CO  c-J  -r  CI  -f* 
t-T-HCOOOlOt fr-tC-lOOC-lO 


1<  O  ?1  CI 

OT  o  lo  lO 


o 
o 


OS 


CO 


«• 


I 


o 


53 


o 

OJ 


U5  lO  t-i-i  CO  Cl-»<  IOCS -);t)J.-i  Olio 


otocoo 
as  CO  I- 00 

lO  CO  t^  Ti4 
rH^«Ocj 


COOlOCDOOCIOC^t^WCD^CICO 
C^COOt—  C1t-t-COt>-0!Dt^C<»0 


O  ^  CS  CO 

la  c<i  CD  CI 

CDlfflCOCS 


lO  CO  lO  CO  T)>  C)  Tl<  lO  lO  CO  t- «D  rt"  (M        i-i  Xi  «Il  C» 


"•^oioooeoQioeo-ii-^ooio 

C0OOC0C-ll>;^00t-;CSCCOt'0> 

»ot-^oroos-i^^ciocicoaioco 
h-f-tdocscias^-fco-t^cocoo 

•^  cf  ci" -j<^  OS  cf  t-^  t-^ -t~  CD -r -i^  CO  t-T 

W  ^  CO  ^  IH  iO  il  rl  CO    dlOCOt- 


•+4  OJ  CO  iO  OS '♦^  b- O  CO  h- 00  O  00  CO  CO  CD  CD  00 

C100CO'#l-^t-OCDt-;aOOt--CS'*<  *-;t-.O00 

CS 'iJ  00  CO -^^  00  CO  W  CS  CO  1-H  O  CS  CD  CD -^ '^  ^ 

OS  OS  >-i  o  «  Ti<  CO  ^  55  Q  >0  t- Tf  t-  ot-  — CD 

^C^OO^C1^0^t-;^CO^CO^CO_cS  C^CO  iC^uO  ^CO  OS  ^f^ 

00  rHr-rcf'^''in'o~C00010>-<"cDrHCs"  OcTt-^-d'" 

rt  CO  C^  CJ  i-H  C>  i-HrH  CJ         CqCOlMm  COi-ItHC< 


CD 
CO 


o      eo 

s  i 


in  cot- CO 

t-CD  LOOO 

o 

f 

T-H 

-f<  C4005 

CO 

t^ 

00  (-  t—  C5 

eocooc-i< 

»-H  cc-i<o 

c» 

:? 

ooi-icieo 

^ 

b- 

C<l  CJ 

cj_  o 

■"T  cT 

00  -H 


t 

■S- 

I 


r3 

13  OJ 


5  'O-- 


3 
o 

o 
_>. 

u 


o 
H 


o 

w 


I    I 


o 
H 


^      ^ 


eflcocp  oi  ^  t*  lo  (N  CO  t- CO  <M 

t^-t-CO  CDCMl--rf't--CDrOO(M 

tJ<  (;0  lO  t- ;D  i-i  CO  CO  CO  CD  lO  lO 

id  Tt5  lO  O  00  CO  CO  CD^cd  ^  T(*        CJodcOCOCD 


COCD^idoOCDC^ldcO 


coooS 


(M'^o^ooc^incooi 
lot-iiocoopociinco 

C^lOCSCOCOOXNt—  Ci 
t-^L-^t-^03^i-j^i-i  O  T-i  CO 

ic~  c4"  CO  ic  cTtjT  t-T  CO  co" 


OOiCO  o  o 

CO  i-H  CD  t-  -^ 
CO  O  -^  CD  !>; 

<jj  ai  CO*  CO  o 


1-H  C0«O  T-HCO 
CI  t-  GO  O  CD 
C-1  ■<*<  Oi  T-«  CO 


i 

in 


lO 


OS 


S  2  (N  So"l"  'I'COt-COOTtOCOCJ 

CO  53  th"co  o  cf  (?fco"  cTc-rt-TcTr-T 


^ 


^t-eo* 


t:^S  SDC^t-COCO^lOCOCO 

^  TI*  !Zj  CJ  O  t*-^  COO  00  Ci  CO 

0500  COt';tr-;OTj<(-.r-iOOO 

iriidt-^  oo6co^cDrj<cd^'TjJ 


»-H  <N  C-l  CO  d 
«D  t-COCOO 
CS  IC  lO  00  t-* 


?<N  (M  t-  <N  tH        eo  c 


t-dt-OlCD 

e^  lO  cooo  CO 

t^OSCICOCO 


— icoocoinc^icot- 

<N'S<C0000iC"-C5O^ 


«D  CO  t-  CO  lO 

» CO  t 


C3O<Ml0h-;DOC000         t-COt^eON 


Jf-^-^        lOCOOt—  COtfllrtCDC^ 
>  t- lO         t-  t— O  CO  IC  C5  00  O  t— 


CO  O  Tt* 
lO  I'  CO 

^:5« 


■^GOi-HiOOCD^t-iO 
^-tMC:»0'rtiioCO»0'M 
»-H_W_rH^li:i  00  OO^lO  T-I  rH 

O  CO  CO  y^  tr^  tS 'V  t-Z  T-^ 

tN-^C^OJO'XOOOtN 


coo  i-iO  c^ 

^  COCO  C^C5 

C5  -^  O  O  CD 


»-^C-lC^COioSt3"^QiO-rt<Tl4-^ 

o^^oooli-l-^'^oooooi-t 
•    •    •    -    •  o  o , 


cf  t^i-rco"cTS  S  '^'^00  oi-h"  i-T-rjT 
:5;ci      -^oj   -^ '^  CD  00  in  ^  o  ^ 


■^03  S  ITS  CO 
ci  C^  C^  1^  CO 

CD  rH  »C  CO  00 
0^00>_CDO 

«-t    T#    T-t    ,-( 


o 
o 

00 


00 
CO 


C9 

>> 

n 

> 

0 
d 
to 

a 

a 
-0 

o 


5 

a 


C5  ^H  OS      1-1  Tii  »H  OS  eo  CO  CO  CD  00 
0£iq5      eot--*05rHOCiOco 


00  CO  t*-***  01 
■"  O-IICOC) 

t^csoo 


g 


CO  C^  lO        CO  ITS  (N  <N  CO  CO  la  CO  CO        CO  lO  CO  C<l  CO 


a 


00  1-1 


o  t-  CO  in  <N 

Q  lOeO  MiH 

Co  t-;  in  05  1-1 

od^t-eo^^t-rj«c6   i*co^c4oo 


ci  in  CO 
1-1  -f  ^ 

t-^C0  05_ 
"CON 


CO(NOO(>|TJ»OOQOC 

ini-it^odcocDcociin 


la 


^  <*  c;  in  c^ 

O  C^  O  O  CTi 

oi-jinooo 

COOO  t-;CO_ 

^'og'inoT 

00  1-1^00  T-( 


s; 


3  t--  ^U5  T**CO(MCOCOTt<COO 

^OCOt^CDOfMCDOSCOOO 


coco 

Clio 


COOOh-h-ldOO-^OOt— 
"OOOCO^OlOtNu'JlOCO 

_cD_oo  o  *-^fO  00  xa  00  CO  »o  t- 
" co" -^^ -*-" CD  o' co"  q' o" co"  o  o 


io  coc^ 

O  OOCD  oi  I-^ 

CO  -^  CD  CO  »0 


O   w 


•  a 

•  o 

•  bo 

:  a 


aSS 


SM   :  a  g  = 


a 


-  9  «  g  >.2  S 


OJ  N  T:  -w  © 

E#-  V3   P    J-    rt 


ss 


o 
H 


o 

1-1 

03 


a 
'a 
a 

•a 


►^  2  fl 

o  s  e 
feM  g 


S 

<9 


00 


I— I 

cu 

1—1 

I 

o 
»— ( 

05 


i 


o 


o 
o 


o 

03 


o 


o 


•  SlO<M 


•  toooo 

•t-OrJ 


•2  :Si^  : 


2«o 

3!S 


:^:'^ 


IN 


C5  «  «  t-lO< 


.  OOCOOO  t-l  rH  T^  ^        O)  i-H  CD  t- 
.  CD^W^T-^O  t-  O  tH        C^^IO^^CO^ 

C5       CO       <N  "I 


COOi 


•OOt-t-^f-       O  (N  0»  1(5  t- to  ^       CTO>       t- 


•  CO  e»  «o  »-t  lo  c<5  < 


00  tM 
(N'l' 

cot- 


«  PS  CO  <N  r1  ■*  ;i  Ul  eO        (NCOrflO 


»co_ 
coo" 

CO  lO 
r«50 


o 
en 


CJ^COCM 
t-OlO  t— 

00  <N  CO  in 


r-<cocOO'<l<«000<Nt-OmtDCTKN 


in  t- 

IM05 
CO  .-I 


a 


ID 


■«  m 


^      >^      L^      ^      M 


T3    0) 


•  J3 

: !« 
:  3 

•  o 

*     »4 


.«  "^  '^  ■—  J3  o  •■-  ** 

>  5-P  tjC^-o  a 


J3 

cm 
o 


§.9 

MM 


o  o 


t-00 

CO  T-l 


•S5 


o    . 

lO 

00 

05  : 

•  CI 

«o   C 

c^ 

*  \^ 

«5 
I— ( 
05 
I— ( 

I 
© 

o 
W 

I 

t— I 

w 

H 

P-i 


e 

I- 


60 


e 


•« 
.^ 


fio 


(NCJoo     nn 


3 
o 


:  -^ 


CO 


•  00      •         T- 


•ox     ■     -rl 


to 
•  I- 

;  in 


S 


SSS  g; --1 2  03  53  «D  ^^  cj  iM 

t-^iOO^  CO  CO  CO  lO  t- <D  C:  Ci  t^ 

s^t '^  ss  lo  Tii'in'io.-rc-ro'Tjr 

€^»^i-t  C»  1-^  rH  ^  CO  1-1 


e^t~tamto 

CS  O  C5  f-H  C^ 

coomo  CO 


eg  CO  eg  ;:^^n  p  111  CO  •*  CO  in  Tf  lo 
gcoiST)<ot~T-icO"»iiocn'*T)» 

ffi!S     e<rrf'*'eo(Ninoo<si'ooeo 


jQoiaoo 


osoco     t:-0'ii(Mcoc5c^t-co 

th  r-i n?      oin C5  CO ^ ccin o  t- 

COrHlO        03^  in  t-^  CO  CS  O  CD  CO  r*< 


mco  1-1 


t- 2 lo CO h- >-<  3;  a» ■*     CO   ;«oinrt 

^H  1-1  CO  CM  C^  CO  1H  1-1       *  1-t  Tl* 


HjJi-iQcqoo      in  t- 00  to  iK -I" 
«;  C0 1-1  ^  t- T)<   .  c^ -f -< -M 1-1  oj 


00  CI 


.  cooin  cmoOt 

CM  1-1  1-1  CM 


^^ 

coco  f-4 

.!#Tf<1-( 
.•*  t-r-C 

to 

iosoTef 

rH 

<ON 

CMC^ 


CM  CO 
00  t- 

eo  o 


CM 

Ttl 

CO 


e© 


3 
o 


^ 


a 


I 

■a! 

.a 

u 

o 

PQ 


s 


O 


oiinTfi      oc  00 1-1 00  CO  "*  00  »*  00 
r3S?lJ      i-i00c5t-05t^inoo 

COt-CO        00  CM  O  in  eft  CO  Oi  CJO  00 


w"   »w    ^-  %*^'   VJU  1—1  Uu  .^    -J.   v^^    ^3-  uu 

i^inrH      i-toocpt-Oit^inoo 

t--  O  CO  Cf  O^of  CO  **  1-i 

■ l<1-l-*1-( 


SJioe^ 


t- CO  T-(  CO  CO  1^  1 


e 

5 


©"(NOocoot-irtiasiooocotD 

t-t-COiOC1lO««QCO^Op'-i 


I--M  coco  00 


S    «    N 

■<<!pq 


00  n 


a; 


C3^   S 


2-S      . 

O    D    ®   O    ^    .^ 
^-1    t«    0)    0}  O  Jl*  3  h^  k^ 


.i-'rt  3  _  !« 

t- ,£  ^  J3  >, 

»  2  ft  f  ® 


S 


o 
H 


o 


o 


5" 


in 


(M^iO'HooiatO'HpocJiMi-c^ 

lOt'T-l^lSt-COt'-ClOi-'^OO 


•i<eot-io-<J'e>3io^t-Ti<"j<eOTf<c^ 


lOO 

o  in 


o 

t-H 

o 

xn 

W 

< 

m 
P 
O 

w 

O 

C/5 


§• 


in 

C5 


ooooo< 

COOINOOOC 

a5  ci  o  o  c4  o 
to  to  in  o  c^  CO 

«»CJ         CO  t-l 


.goooooo 
;  ■^  o;  c^_  .-<  CO  in  rH 

•  OS  CO  o  t-^  cj  c^  in 

*  O  05  00  CO  (M  O  t- 
rH        CO  11  (MrH  OJ 


03  »C  t^  CI 


OOOO  QO 
lO  O)  iC  Li^  r 


ooooooo 

•  1-1  Ci  CO  C^  lO  i-i  o 


O  CO  ■^  t^  no  Ci      •  CO  O  (N  CO  t-- t— t- 

^i-HCOCiCS'*      •  1-.  CO  t' CM  C^  lO  CO 


1—"    N*,'    I—    ij"*    l.^    U^    ".'J 

.-1         lOr-lrH         »* 


OCO        rH 
CiO  l-         tH 


eocoQ'*ioortincDC5cortcO'-ioo 
Tt^oococoo-^t^cort't-c^ininin 
t-^cot-^THincoc6ocOiMcoi--^t-o 

^r-»COCqMCaC<ICO(M(NC<IC^C?in 


o 


(MTiHincoinoco'^iico^or-C'i      ooc 


IM  n 


t-lO 

"5  C^ 


t-co 


00  in 

O  ■:)' 

CO  35 
CO  CO 


■3 


^ 

^ 

^ 


CJl 


"fJ  Ot^C-JCO^'-l      *Clt-C5C0C00O 

55  T)(  o  c^i  CO  oo_  in    ;  crs  -^  CO  oc;  CO  c^  CO 

tH  ■*  CO  CO  r-t  C^  Tji     •  CO  ■* -*  c4  ei  •*  (N 


o 


a 
'S 


in 

53 


in  o  coco 

CO  Tl  m  CO 

cdtjh  co-a; 
i-iiocoe^i 


O  C5  O  O  Tjl  o 

O  CO  CO  O  lO  OT  .  ■jv  I—  «ij  >_'  w-  WJ  uv 

OCJ-dJinOJin  ;t-;lNlOT);i-;C0cO 

cD<NCDeO(Nt^  •coinTft'cDco^eo 


Oil  toococo 

t—  m  o  o  c?  in 


OiC5  O 
CO  CO  'CO 
CO  Tt<      "00 


cot-Jt-oc-icowiocor-QOp'H  cot-oo 

CO  00 -J<  o  CO  c^  o  CO .— CO  in  o  cS  00  -*inino 

oOfascoc50oococooTi*cot-t—  t— coc-ioo 

en  00  CO  o  o  1"  i-i  .-H  r-i  CO  <N  c>  rH  00  incortcd 


ooO"i.-icocomT*cDcO'*<NiS'co 

C^OCOi-l'^-r^COOOOOrHCOOSt'rH 
t^r-iCOCOt-;incOrHm00i-iCDTt*Oi 

i-H  00  oa  OS  •-<  t-^  rH  ci  o  c-i  in  ci  CO  e^ 


inO'i'i-H 

O  00  C^  (M 
CDCO'TiJld 


osint^cocDciot-Oiu3t-^os^     woo^ 


«co 

00  ^ 
lO  rH 


lOrH 

rH  CO 

CO  ■>; 

COM 


in  in 

O  CO 

coin 


t-  CD 

oin 


inQOCT>005r-(iniMOC5Tt<tTCOCO 

00  CI  -^  00  c-i  o  CO  CO  00  c-i  rH  -^  Tt^  aa 

rf  OS  O  CO  in  -t^  CO  rH  I—  t~  l~  t-  rj,  00 


inO-f  rH 

CO  -1'  CI  in 

CO  l-rH  O 


COrH 
'IS 


C5  00 


i-"  Tj<  Ci  CO  CO  CO  rH  CO  Ci  o  Tt*  C-)  CO  iri      c^  i-H -t<  lo 


:^ 


'    0)  "^    00 


to 


s 


fq  o  o  Q  a  W  S-^  S  g  js;  a< «  H 


.   60 
•  3 


3   3 

o  — 
o  g 

>.^ 

o  o 
KW 

I  I 

c«  tS 

■« 


o 

I— I 

o 
p 

O 


C/2 


!^S 


O  »i5  *p  lo  »-<  t- ^  t- 1- M  o>  t- oi     oSJ^9?S 


o 


8 


§ 


^5 


'5 


3 


■lD  O  CD 

cccoeo 


rHQiOrHOO 


3  M  CO  0>  OJ  r-l  t- CC  OO       ,_,^C— t-Ca 


eo    -oooo 


^-lr-«  Tj<  rH  f-1  C5  CO  N        C^ 


.i-lt-iH 
COCOf-t 


CDO       rHr 

f)  O  O       t-^  C 


■  SHr 


S  :  = 


i^       r-lcCt^M       fH       «-**« 


SS8 


^  rH  iO  CQ  CO 


tH  !>■  O  XI  CD  OT  t- CC  CD         OCDCSeO^ 
^lO^SOCD^WK^       loScD^frS 


y  8 


05  > 


LOeOiO      u5  0i  00s  ■«rHU3  o  O      lOOJinciO 

0>  ^  W        Oi  TO  CD  t— OD  CI  lO  eo  t-        t— t-1— tt— <D 
CAOOt*       00  Ca  O  00  CO  Oa  CD  CC  t-       IOCDuicOt~ 


<ot-o 


CO  q  cj  eo  o5  o  i-H  rH  cj     «;t7"ij^^ 

«  <0  ci  CO  u5  C^  ti  .-1  OS       lOMOiOOi 


COCOM  Ej  rH  (D  ^  OS  CO -H  50  CO  t-  »«  00  « 

^trr*  COi.-5«QC^COClCT«p  CO  *i-|lO«> 

rHc^t^  CD  CO  oc  iS  1-1  CO  Ci  CI  35  ■*  ;tHc^'* 

eoc^T^  u5  Tp  ,H  ei  ■»ji  c^  CO  CO  iH  to  ■eici'^ 


CON        Qow  •«»d-*o6ei        to  -oic^o 


r-   't-iop: 


sal 


cboio     eo'^'^-Hait^coodcd     i-ioococow 

»Hi-4  rHr-t       i-H  iH  r-iiHi-t 


fe3 


o-Sa 


3 


'^.'^O-       S'^'^^^^'T^^^       l-;OOu3CO 


cnOO 


c5  o  t- g"  CO  occ  CO  CO  OJ  ic  o  od  o 

CO  t- t- O  CO  t-^  rH  00  Jj  XrtCSrHCOCO 

oco'eo-^'co-^od-^-^  t-^t^co'cot^ 

^H  1-H 


pcDCJCOiOCDt-OOOi 

3ioeoasco»racii-oi— 


S3 
-  o 


.a 

o  <u 


£^C3      - 


S  rt  o  Et'I='5     " , 

cc a    o « » o S >.-3 »"     >S S o o 


U30 

to  10 


C^t-c5  CD  CI  C- -^  f  CD  CO  S  5^  OOOrHCicI 
-^CDO  l^t^rHCOClCOCDlDlO  COt-CCTID 
»0ti5»0       O00C002CD*'^cdrf<-^       C0COCDC050 


■^  CO  ■*  lO  ■»»<  3^  Q  CO  Q  r-'Ol'^OQ 

00  f-f  CD  Q  CO  CO  ^  t- io  t-i-HOTt-^ 

55^^'-;ooeo'^CT'V»-  ooc5cot^ 

o3cD*f-4u^co*cDc4iaa6  o^acocoo 


DCSOO 

5  CO  CO  o 

-I  OOC  t' 


d  CD  e^  lo  t- »  o  »o  00     t-cot-coc 


k 

-< 


C3 


a 


3 

o 
13 


13 


•<3 

tJ 

o 
>> 

d 

03 


3 
« 


3 


ft 
O 


o 


o 

Q 
W 
H 
O 
W 

;^ 
o 

^* 

M 

P^ 
w 
p^ 

O 

<j 

Ph 

o 
w 

Ph 

w 
o 

o 

^ 
P:3 
W 
Ph 
O 


1 


s 


gos  m  to  eo  o  CO     ioi-Otii 
t-  00  O  (—  t-  i-H        Ci  O  CO  I- 


o 
o 


Tj> "-:  o  o  o  CO 

'-<i2Qc<jiQt-^    •e-icopcjo-q^oj 


ooo  o» 
coo  o 
cie4    'lo 


►5 


inineOiH              eocow^j'  o^ 

cooiOb-      ^  .  t- o  ^  c^  .  ci  in  ^ 

^     .     •     •     •  fr*  fr»  t-»     .     -     •     •  c~«  •     ■  c 

COt-IMt-                     OO'l't-  OCO 


{SSSSg 

S5 

COMC^CO;* 

^g 

3 
o 

Ok 


^5 


O  O  O  c4  O  »H     •  O  O  rH  O  iH  O  rH 

ffif 


O  rH  (M  00  00  T 


•  00<N0000 


(M  t-l  tJ<  IM  O  CJJ  IM  C^  ^  rH  (N  rl  CO  i-H        (N  C<  1H  « 


■eg 


Si  « 


00»Ot*OiHt-i-^'<tt-^t^QOh'CO 

cJrHe<iff^e4(Ni-«(Ncoi-5eii-<coiH 


COOOOOlOC»!2  050-*CTlO'* 

oocaoqt-r-r^coasoiwc-jcjf^i^ 
cii-!io^cO'-<c4con<cococOTi<ei 


oococ^ocjoqt^* 


00t000Cq.-<WO05O00(NC0C 
cirHlOrl<COT-<COC0'a<COC0C0T)<<S 


e<l»-<•^l<COC0^5rHCO■*Tl>IM<M>*C^        C0C->r1T-1 


^ 


n  o  i 


J3 
bo 

3 

o 
u 

o 

_     .XI 


■    H«  — .2    r- 
•^3  ^    P    e    e-    t^  ^ 


m 


» 


% 


CO 


^ 


CO 


"2  o 


—  -T-   r'  -*-•  ^  13   C3 


"  2 

°  -S  ^  >S  0.t3  >S  w  .^  ®  "5  « 
u  Q  Hj  n  i7S  S  S  >z;  04  ti  H 


to 


03 

M 
o 
>. 

CM 

o 

w 


S2 


CO 

e<5 


ID 

M 
o 
>» 

W 


t>o 

13 


P. 
O 


3 


©5 


< 
O 

Q 
H 

o 

< 

;^ 
<J 

(^ 

o 
o 

H 

P^ 

Pk 
O 


•a 
o 


1^ 


^ 


in 


t— t^Ot-Oit— OOSCCOCiCO 


C50i-t*»O^lCt'OO00<:^C5 


O  W  C5  lO  -i< 
O  00  CN  CO  rH 
d  W  tN  <N  CO 


s: 


<-!  00  t>  3  o 

<N  rt  (N  C)  CI 


0:1  !M  Q  Ifi -rji  CC  00  ^  tH  CO  O  lO    '^   •  Tt"  «  ^ 


5 
.<=> 


10 

0> 


c5«   <Nc5 


jin    •<Nooiot 


e» 


'  (M  IN  (N  OJ  rH 


05  OlO 
t—  ri  OS 


?C^00-*«MOIN>n 


e4-*MC~>oo-H«po6tD«oQ     ^t 

«CS1^  C<MffqC0  55c4C^C<5CO        «' 


3  CN  t-O  t— 00 


■s.t 


&5.S> 


l« 

05 


jOineo«ooot-oocq^»HC5  2 

C3ait-;00l01i^00t-OCCt-00 

ooiocjooocjoooo 


i-n-l  OOrl 


o 

OS 


a 

ft, 


10 

OS 


o 
cs 


1. 


10 


?ooooooooooo 


M  CD  ■^  '-I  CI 

«  i-«  CO  go  OS 


oocoooscciricocjioict—  o 

00C0^li5C0t-O<N'-'00»-lt- 


s 


"C^OSC-lONrl^Oi-lO        O     •O'-'O 


;H(rqoOO     -i-iOOOOO 


OOOSlOHOOlOIMCOOOrtrt 

(NosinioeoiDooooiooqc^o 
Mc^rHcieO'-'tHcicioicoiN      cont-ScO'i! 


o 
cs 


1    la's  k- 
c  ^  e  V  ?? 


OS 


Sc^c^ioeoosiM-HOsosost^ 

■^^  COr-*OOSt^^OCOOSlOOO 

^  C^  »^  C^  C4  t^  1-i  CO  1-J  r-l  1-3  »H        C^  ci  T-H  c^  c4 


C^OSOS-#OeOrHOOC^eO-"«D 


cs  h-  t^irs  *-« 

00  coiaoo 


'  >0  iH  CO  TJ"M  CO  ■*  CO  CO 'I"  N        COiMOiOtJ" 


o 

OS 


'^■^(N^Ot-^OOOOCOtNCS 

cO'.i<^cicorN<Neocicici.-5 


CS  C^  00  CO  00 
CO  !?q  CS  ■*  CO 

»i  0"  i-<  CO  CO 


,    Cs 

1  a  o. 


10 


C-1005Tt<0«^COb*COOOt* 
'-HCCC£>'-it^^CO(>J00t^0Ot^ 


o 

05 


S' 


t-'^sinooocsoooo-tit-oo 

OCS-^OCOO^CS-^lOCOli^ 

'3ocj-#iricoid-*'a<^t-^co 


CO  CO  coco  CO 


o 

OS 


55 


C^(MC-3*1<00-H^C^--COC^ 

<MO<M'*<Niau:i'-i-*oso 


■S"CO(MTt<U5 


I" 


bo 

5  o 

w  ds 


:  .  a 

.    .  o 

>>  ;■& 

•8   .  a 

CO     .'S 

00    ®    S 

rf  c;-  ^ 
3 

o 


a 
o 

.  to  a  -*^ 

•  a  a  3 
•o  2 


a 

-  o  >,  .- 

0)  a>  O  ^ 


a 

3  a 


>    T*       >       fcl       -H 


W^     N     ■»    JJ     33 

>■  'i  •*  t-"  a 


10 


s 


s 


% 


Op(MODOOO 

(NNOSOCO 

COc4r1Tj<CO 

iso 


a     ■< 


o 


3 
o 


o 

GQ 


s 

d 

fc 


3 

a 


a 


O 


«> 

3 


1j« 


cr*  'iL*!  yu  ^— /  ^J  ^JJ  1-^  '7^  lij  wrf  -rr  I—  (.'J  vw 


O  -f  o  o 
Cj  lO  ^  Cf, 


I 


S 

a, 

'a 
s 


St:  5  c 


o 


I  C5  •>*  <N  lO  rl  O  lO 


O't  CO  ^ 

00  00  w  t- 
1-1  ■*lO,-i 


•*        CO 

o 


§COlOt-i-llOOt-C 


OOr-l(M000500OC0t-C0i-*C0<M 
CO  -P  O  00  O  CI  C4  lO  CI  l^  o  o  o  c^ 
OthO'-(C4i-'»OOOOCOO>'-^WOO 


'oca-^  i-i  c^o4con      cicOTjtio 


C)  CI  t-»  ^ 

C5  -f  li^CO 

Tf  TJH   00  I- 


s 


^ 

K^ 

•?<:r 

feu 

fe? 

'^p 

.g?i 

N 

■5- 

•a 

CO  l^-O  b- 
t-  O  CO  t— 

coooco 


MCiO-f-f-HOmOTj*O(M00C0 

t-;  CO  00  CO  C^  "-  O  CC  O  CO  C-l  Tj;  C^J  t-- 

t-^  o  o  I-  00  ri  o  r*i  Q  CO  cv  CO  ri  -m' 

OO  1-.  CO  -t*  --^  CO  ^  O  lO  O  CO  -f  E'  (>» 
CO  C0_O^cri_C^C5^O  Qi^^CS  O^CO  Ci^u^ 


ooooo 
o  c;  coo 

rH  QOt^O 

O  Ir-  •*♦*  rH 

■^  1-H  C5  O 


g 


ss 


S5 


S  w  s 


o 
u 

H 

12; 


•s. 


I 


n"a 


•  -^  ^      '  en.  1-1      '00 

•  t-.  lO     *  Tt«  CO     •  o 


;  o-)< 


o  : coco 


CO 
CO 


b-OOOOOT^COOOClOOOCOOC^  oooso 

TiH  cc  o  -^i;  o  CJ  la  M  uo  t-  -^co  c;  i-;  <d  oi  c^  in 

O     '     '     '  f^  (<        rH    '      '  ,-^■    '  ci     '  1-H  c4  ^ 

«  « 


OOOCiOCOOOOOOlOCOOOT'OtO 
f  CO  ^  Cl  S  Cl  Tf<  t-  O  CO  •!<  I-  575 


e^t-CDOS'J'^-r-ilOCOi 


CO  O  »i^  »-• 
r-ci-lCJ 


WJ<N.C0 

oooco<-i 

rnCOjJO 

^'oo'^-oo 


^ 


51 


i 


fl    O    ^    •-     "^ 


:  o 


T3  2   o  '^ 


»  S  -E  t2  S  s 


s 
o 


o    ■" 

O 


o 

w 


o 
H 


o 

W 
I 


o 
H 


O   if 

Si 


O   3, 


a 


■a 

a 


.3 


a 

1 

CJ 

Q 

is 

« 

u 

«> 

TJ 

ft 

s 

rn 

rt 

IV) 

•o 

4H 

o 

OD 

n 

8 

T3 

CA 

4) 

13 

.a 

o 

J3 

(S 

s 

a 

a 

OM 

u 

00 

•o 

«J3 

(D 

1 

<s 

^ 

<« 

o« 

•n 


.a 

o 

3 


in  .9 


I  ex 

OQ  -iS 


W5 


»0 
l-H 

05 

t— I 

I 

1—1 
Oi 
I— I 

o 

"^ 

m 
O 


O 


"« 

o 

to 

faj 

rlOS  tOOCO 

en 

O  lO  (N  I-  CO 

r^ 

CI^OM^COLOCOCOMCOO 

O  CO  C^  C-l  o 

M 

d         CJ                                                     r-l 

rl               C) 

O 

ftn 

-8 

Q 

lOr-toc-.  oot-.-i'M-)<!»e>i 

Cl     ^>     M     C*     TC 

88888 

r^ 

a, 

Cj  •*  lf3  X.  I-  LO  CT  CO  CO  OCi  in  o 

rP 

■^COwCiTt^cOOOO-fO'^ 

"e 

"gJSSS 

s 

t-tOC^it^t-COCCC^CSt^OOCD 

O 

(NCOOCO        l-H  r- CO  CO  t- CD  CO 

r^'e^  —  co" 

o^ 

m 

a. 


^3 

e 

S 
o 

s 


r 


s 
s 
o 

8 


C3 
I 

a 


cr  o 


•*  .  t-Q(M  .CO 
CO  .  CO  IC  C-l  .CO 
CO      ,  OOr-lO      .CO 


ob  t—    .  c» 

1005     .O 


do 


.  O  h-.  'M 

.  ■*  oo 
.  ^'j-eo 


oo" 


CO 


CO 
lO 


3 


■s 


ocooooursiOTf^cocDcO'i^ 
C3»-;c-icoc3C<icoooi-it'Ooco 
TjSt^coocdd-^dcodco^ 

O  m  t--  (M  CC  »C  O  UO  C<)  CO  »o  c-i 
^^_^CO'-^CO        (NCJ^'J'OOrtO 


in  o  o  Q  o 

(NO  OOO 

»-<-)'  d  d  t-^ 

TJ-CJCO  i-cCO 
OJCOCOi-H 


Q  ooo-a*  t-in  ooo  oo  o  cot^ooo 

*occ^oi'comcooocoo  co-j-iootji 

■^O'l^CI^'^Ot't^CiCOt--  CXJC-ICOCOCO 

<N<Nr-<'^eOi-ir-5eqi-<(NrHi-<  coiNcir-i,-; 


l-l2ooocp-*<o5^-t-ooln<» 

COOOO'-;^r-iCOOOOt--C-)CO 

cc'#i-^dt-^cot-^-i5d»n'^'o> 

C0lM'*OI0^-HQ0t~OrJ<O 
CO  C-J^in  CO^OS^OO  t^in  O  t-'  C^rn 

^-T  oo"  t^  of  otT  go"  co"  in  o  in  co"  t>r 
^■*       '3<i-i       eirfcOCOCO 


CO  00  —  o  c-i 

o>  COCO-fO 

in  ^  in  oi  c^ 


3! 


CO 

in 

CO 


.  PQ  -  ■ 
ho  "  S  13 
^  "  1.   »,  « 


=  fl 
o  <a 

£'S  SH-S    :fl-=a"3'S 
cS2o®®oe  g,.2  £>.g 


"  g  •" 


;  60 

:  a 


;-a 


S4J  2  o  ®  ®  o  i-  ^.=  5,"" 


i  .ii  »  o  .S 


r-i  ^H  <i^ 
C8   d   3 

o  o 


.3 

•a 

o 

<4>> 

o 

A 

'S 

>. 

a 

(U 

o-i 

P. 

s* 

M 

A 

-i:> 

^ 

S 

.a 

u 

h 

n? 

<t> 

cS 

a. 

"OCO 

aX 

=:' 

3 

O.TI 

a 

o 

S 

O 

d" 

M 

o 

CD 

lO 

03 

U3 

CO 

CO 

(1) 

a 

o 

o" 

a 

1 

bo 

a 

cT 

,o 

■M 

^ 

o 

•»-» 

« 

>. 

Tl 

s 

§ 

s 


CO 


O 

T-H 

o 

H 

O 


H 

W 
H 

O 
H 
O 

o 


s 

s 

o 

s 

H-l 

H 

I— I 
o 


u 


^13  ' 

"Is 


^'g 


OOOQOCCMOIOOOOOOO        CCO(N»0 


11  C«        f-l  rt        t-* 


12    8 


®2  e 

■^7-l-S 


p 

1 

e 

1 

.? 

<u  <o 

t> 

'^ 

&,c 

O 

'S  ^ 

1 

5>i 

It^ 

C5 

{^ 

« 

t- 

•^ 

^ 

""•^ 

.8 


•« 
.<=> 


4 


^  e  3  s 


S 
.8 


lO  t-<  t'  'w  C5  CS  t—  i1  C^i-i  CO  C"-  CO  -^ 


■^  CO  O  O 


s 


CI  1~  -f  I-  •-■  l.O  C-l  I-  i"-  C-1  CI  I-  -;  -H 

f-.t'CCCOlOa;i«Ct^COCCi'^Ci 


o  o  in  »o 

C4  t'  I-  c^ 


OI^T>-*C0m'5<e^«C0(NM10H        •*-# 


+ 


1 1 1:^: 1 1 1 1 


I  I  I 


SOOOOOt— OOOOOCOlO 
OCOOL-COlOOOOlOir^OOCO 
t-  00  I-  c-l  o  -i<  i>  02  CO  (M  a.  CO  11  o 


Sooo 
OOlO 

t-;  >-;  i;  I- 


OOSOOOQOOO^'^OOOOt— 00 
Tf  O  t'  ^  rH_CD  iO  0.0_Tt^lO  O  C5^^ 
cT  cT  O*  CO*  t^T  t-^  cf  Co"  CT  t-^  O  CO  CD  co" 
thMt-iCO  -h         (N         rHlM-HCp 


OCC  b-CO 

C  O  O^  OO 
O  w  t-  li2 


o     o 

—I       o 
t-        (M 


t-H  cs^co  «  05_c^_t-^cn_oo  cq^oo  o^-*  C5_     oo  o  oi^t» 
e<fto'uo"p"oo'tocacrincf<-r-^c>'cf     ooTocT 

^C^thC^        1-*  »-l         t-t  Cl  »-<  lO        ^        1-1  rH 


U2        Q 


o 
to 


'J*         93  ^4*  »H 

•  3J     •  ci  CO  O 

•  m    •  in  >n  00 


•  oco 

•  CO  t— 

•  flCO 


O  ^^  11  CO 

Ti*  1*  GO  C-; 
CO  to^co 

C-l  CO  fH  t- 

COCS        rH 


C'j'-iiniooocot-i-iiHCOeocooico      oomoco 

t,01c1>-iOlCO-t<-f-ti-,^CO<N(M»H         COt-CO-H 
CO  O  O^  t— OS  Oi^CO^CO  CO  CO  co^-^c^oo        t- C-J^IO^CO^ 


o 
o 
^1 


■Si 
•  to 

;  3 
:  o 

.  u 

.  o 


fQ  0)  c)  :5 


Si 
KO 

3 

o 


3 

o 


.hi 


x>     >> 


.S'Sca      ' 


w 


o 
H 


o 
H 


a 
-3 

3 
u 

.a 


crt 


a 


01 
Q< 
O 


rt 

m 

t4 

rt 

rl 

4"> 

g. 

^ 

0) 

$ 

!> 

a 

t£ 

t4 

t; 

a 

£> 

a> 

t 

U 

o 

OJ 

W 

g 

Tl 

<3 

T 

1$ 

H 

^ 

-* 

O 

Izi 

<4^ 
o 


O 

H 

o 


02 

o 


.1 


-  _^_  -  -  _JOOOO 

005000  0  00000 

o  o  o  ct^o  0_0  "d^^O  o  o  o 


OOiO  o  o  o 
O  T-1  o  -^  c^ 

CO         r-IlM 


e 
a 


3 


8 

g 

s 

O 

r-^ 

o 
o 

5J 

(=1 

M 

.  O     . 

.     .  I—    . 

.       .  C^      • 

•  O 

•  CO  CO 

t-^ 

O 

•     .  rt<     • 

OT 

■  o    • 

.    .  f    • 

.     .1-     . 

•  CD 

•(NCO 

o 

«J 

CO 

^^ 

(N 

o 

0» 

s 

3 


S 
S 
o 

a 


<5^ 


S 
a, 

e 

S 
c 


.  Ci    .  o  C-3  o    •  CO  •*  o 
•  CO    • »-»  o  o    .  »-t  c^  t— 

•I-     •  O  t-  ^     •  0>  "O  ■* 


.  CO 


00 
•00     . 

:S5  : 


^  03C0  coco 

CO  CC'  »-.  CJ  05 
CD  •*         lOrt 


•  lO  -1<  rl  CI  t-  O 

•  CO  ^  o  00  era  I— 
■  cT'^M  CO  CO 


CO  00  CO  00  IC 

»^  lo  C5  r2  LO 


^ 


t5 

•o 

^ 

1 

O 

k 

'W 

t. 

ftn 

ooi-H     th^-^coooo  too 
■Th  CO    •  t^  (M  -^  L-;  -fi  CO  Ci  t-    • 
i--*Tt*    ;t-osc^eoc-icocico    ; 


6S 


o^  •         ^*»       iHW        ^*1 

OOlN     •OOOOlOt-S^OOlOO 

iH      •  CO         l-lT-l 


C4     •OOi^ 
11     .       (N 


05  CO  CO 

—'coo 


OO  OOIMOOCOOOO 

oo^o  ;  Cv^co^o^^  ir^cs^c^o^ 

oTco'  •  cD'c'^-TocTt-^io^LO^o" 

'-'CO  '(Mr-)               COt-htI^CO 


lO      ooo 

c^    .  cooo 


r?o  "=  ®  !3 
3  oT3  in  eg 

^  o  b  '" 

«.2  s  3  s; 


sa 
S  «  3 


9 

3  a 


ai,aN3«    •w*^a3:^S 


ai  N  "T  ^  F 
>  -rs  P  i-i  rt 


o 
H 


Ot- 

!S 

1 

o< 

« 

V 

-U 

1 

a> 

C< 

<\'i 

TS 

T3 

lU 

0 

& 

o 

s 

S 

^ 

o-w 

o 

3 

0 

o< 

a 

o; 

o 

SO 

T) 

^ 

a 

,Q 

g 

o 

o 

« 

«J 

q 

•o 

3 

4^ 

2 

p 

o< 

e. 

t« 

,!<) 

b 

o 

-i-> 

<s> 

<i) 

a 

O 

t« 

o 

<o 

s 

o 

u 

•a 

(1) 

4* 

a 

a 

•Sg 


<£    3 

20 


■*» 

*♦-•     . 

o  >, 

.2      i* 

J;  " 

O    oj 
D.O, 

o  (a 

^    OJ 

cj  a 

ci  oj 

030 

=:^ 

CUS- 
° 9 


00 


h-l 

»— I 

w 
o 

3 


^§1 


e 
c 

S 


c  t  o 


8 


coi-ooe>3i--oscoi-io»t-r-* 


o  o  P  o  t- 

t-  t*  t:  CO  CO 

r-t   oo    c-4    c^    55 


CO  CO  00  CI  OS 

fO  ■^  '-^  tr~  *Q 

1^  CO  CO  kO  ^ 

to  rH  to  CO  N 


«  »  ^  "  ~~  "^  "    "'  ""    '  "   ' 


'-teow'^oO'^'j'^'^io 


3?  t-  O    Q  »0 

a>  CO  CO   Q  c» 

CO  t-^  f    o  d 

CO  C>J  u5   US  rH 


-C»3ooSfri»wrH«00«il:^  eOBr^COO 


CO    Ift 


Dit-kOCOiSftO^^coeo 


00    <H    kO    TH    C4 


Ec1.-I™e500-<J«C<NU3 

'  ^'  S  S  S  £  S  S  S  S  S 


w    eo   £3   CO    53 

rH     fH    CS    CO     CO 


OOOOQQQOQO 
0^t-QCOWOCO*0 

*^t~»^!S'^S9  *o<coco 


i  a 


II 

si 
as 

<1 «) 


<A 

si 

33  O 


IB    0<  .C 

X    <u   o    i    >■ 

Oi-JiJS'iCLiO'?^ 


H 
J3  2 

a  >?B 


h    OJ   XJ   «     >» 

g   N  ^  t^   a) 

M  U  Z  Z  > 


t-     O     Tf     i-H 


s 


-  -     -.     >-4     CO     pH 

CJ   t5   oi    cj   t-   ■ 
efi-HrtCocIcocoedeosi 


^  S  o  s 

r'   OS  tr  Q 

t^  ei  CO  iS 

-^  cf  CO  <?J 


is 


S  8 


CO    W    ?1    1-1    1-4 


c-  o  OS  c-  eo 

tH    i-<  t-  U5    Q 

t-;_   W  O  -^    O 

of  M  CO  cT  cJ 


s?  a 


'f    iH    C^    C* 


^     Mft     CO 


S  8  8  S  8  8 


rH     ■*•»    CO     rH     t-    us 


t^^S^cocoS-^PS^^S       SwiooS 


O    t-    CD    iH    O.   O 

CO     CO     fH    lO     r-i     Q    rH 


O  O    -^    t- 

1-1  ^    O    "^ 


:;:^S3S9S3SSS       |Etg3 


01    CO    M*    CO 
H     rH    ft    iH 


COM'COi-liOOfVMOOO 


o>^o>*-tca-*ftt-coe«eor-tOcocs 

;^  r-l  iH  iH  rH    jH  fH 


a> 


a> 


•g  g  o  2  o 

.S  ?i  o  ^  *» 

"  I  «    O    <j3    C3 


II is  a 2 ■§ .5 2 


&    B    „ 


•P  'E 


^  -a 

cj    cS    i- 
(D  a>   ed 


0)  t-i 


S    :8 


c-  c-  c~'                        e- 

e^        5-        e-. 

813 
18.4 
296  3 

1 

0.5;S=3t-«.e555j3g3* 

M   ■<)«   O   «D    o 

2d; 

oS    (>    o 

H 


S   :  8 


5  5 


i-l   "-I      ■       fr) 


o 
<1> 

o 


o 

s-s 

<s  k  o 


»0         Q 


M 

o 

O 
I 


^-. 

.Orfl 

■o  a> 

^i 

c;  U) 

sS 

H 


B.  STATISTICS  OF  PURCHASING  PLANTS 


o 


r- 1 

05 

I-H 

I 

05 

T— I 

H 

w 


o 

en 

2 

w 
1— < 


Cm 
H 

O 


I'i 
§1 

No. 
sold 

eq 

o 

o 

(SOT 

1 

::.o...io ■*.... 

•      •      •  r^     •      •      •  -^ 

to 

:  • 

« 

^-HrHCOO*-tlrt^lOt-<t^OOCOC^        GOCCOCOC-1'1* 

1 

ia-t> 

CO-* 

Ci  P5 -i< -^<  t- Ci  QC -^O  O^'^J^  o  w^    •  o_»-^^co^o  o^c^    • 

t-  t— 

-co 

1 

-)<  00         lO  N         1 

f-'o"     ou? 

<s 

<N»HrH               00»H               C»            .               .-Hr-1«. 

c2  ^ 

ti  lO 

ft* 

^ 

(»                                               >-l 

CO 

1M 

tij  £ 

Ol>"-'CD005C5COt-OCOOOC^COOt^OOi-HO 

co>n 

rj<  is 

SocO?0-*i&Ot--0-HOSTl<-ClCIM0  1-<MOOOCJ 

o  -t* 

^Sl 

S  3  e  CD  li  «  M  ©i?  «  CO  W  ■»  rH_^^0,'*  (N  CJ_^t-_^r)<^          OO 

CO  TfToo  LOinco  t-roo"ioore^'Moocoo'o''-*ooT)<"'c5       occ 

^OC^(NC0OTr-l>-l               O         r-lT-lCOt-r-C(NtON           <OC0 

OCi 

«§> 

^il 

^ 

eOWMOO^t-OlftOOOOOO-^^OCOQCOCOOOlOCO 
SoOO?-Sco5-5<C^-HOOOtoScOO^O-*(MO 

"J 

N 

IS  e 

lO     • 

2| 

SSSiiOOO-iocOt-COTjl        00  O  •*  CO  t-  -^.-t         CO     • 

S- 

intDio«ot-io-toocoCTrrn3152r2&:2SS^SS 

CO'MCOC^t-'^COOOCOOCCOCOTt^COCOCOOOOT 

•*--0 

mo 

lit 

a      &> 

^il 

CJ  t- 

00  o 

00  rt  CC  ■*  to  3  CO  C^O  U2_in  O  00  T)^01_03,10  >o  O  CO  lO          '-T.'V       'R.c^ 

CO  S        0<  <N  CO  l^ 'l- <-! -1        a              rl  CO  00  CI  •*  jn  (M 
C4                            v-(                            CO                                               CO 

S" 

5, 

ir 

^ 

!-< 

w" 

!•» 

0:>00C0OOO(NrHtHOCDC^l0t-<C0OC0'T*<C5C3Y^ 

S2 

8s 

CO  f-  CO  oi,r^_co  L^T)<^»  t-;,c^  >o  CO  o  en  o  i-^.-<,m  ■*,r- 
p;SSt-St^o«5rt^iyo^rtc^cocot-Sooi-co 

1' 

i< 

CO                           CO                            CO                     F^rt               CO 

IN 

CO 

It 

1-2 
■?s  a 

fe"^« 

ocoioiniO'<)<-*oqqcoe^'*n.qiqo<5->!);co-a;o 

t^; 

°°  : 

V  ■**  -Ci 

lft^OT-i-l5rHOCOCn»-<050o6lOC^-HTf«DTlHlCO 

e4 

CO     * 

fl,ls 

m(MCOC^N(MC^iM(N'tl'-i'-i(N(N(Me^'<J>i-ieO<-ir- 

(N 

iH 

^3 

.ill 

lOcooOi-ioujojOiOt-oomoit-oisco^IJSiS 

t->-5'M<NCOinoOTCOOCO-^i-cOlM'-i"2  0£3  20COC 

S  «iO  fe  c-)^q,io  e-j^oj^  0,0^-*  o_Oi«  0,03  co_^c-j,c^_^t- 

o 

s 

.S  a 

*-^ 

£J 

-si 

c^ 

CO     • 

1^ 

co'N  t-Tof  ooof  e-f  oTco-*  co-n'oofoTio  £;  ^  3!  SJ  "^ 

i-H  O        rl  rH  rt  05  rH  .I  1-1         lO                     CO  CO  rH  •*  M  T- 

cf    ', 

CD 

ts  * 

^ 

r1                                                           ^                            rt               -^ 

t* 

00 

fa 

3   'S 

COClOOOOOlCOO-fTtlO^-trCOOCNOgipg: 
■*C0S-t<C0C0O<X>O0000O03C0r-l  t-J,<»  0,01,  t-^CC 

oo'cf  »i  o'-iTof -t'o'ar  co'co'-f  of  CD  r-<'r-  c)  gi  S  2  K 

00'il4-3Ot-C0300-3<C0riror^C0TjlJ0THt-gC5C« 

»0  t-        lO  »o 

'1 

i-Hrl         oca 

; 

t 

O 

.a 

t3 

3 

!> 

1 

c 

o 

1 

o 
o 

o 

g 

^"  ''■^ 

c-i  a 

c  p 

;3 

:r 

O    b 

0      o  bo 

fe 

3 
3 

c 

o 

§1  = 

i 

J=1K  s 

c 

a 
o 

1  s 

1  > 

.Q  g  ^  s-  «  >  bc-a  -=  SJ'O  Sw  c>  ®-«T  =  —  I 

•3- 

3"^ 

a 

< 

< 

S 

^ 

d 

■;: 

H 

^ 

;^ 

(^ 

i 

^ 

lu 

i^^ 

^ 

1 

1 

T— I 

05 

I— I 

I 

'*< 

r-t 
Oi 
»— I 

H 

o 

m 
O 


H 

H 
P 
O 


O  "^ 


!> 


OQ 


>■«  a. 


ba 


i:^  LO  :^  O  O'  -M  CO  OO  -f  f—  <M  <N  CI  O  '-^  O 
O  -*<  CO  O  '-^'-'  •*<  '^'^'*„*^^^'^'"^'^ 

co' irT -^^  irf  cT  ci"  of -^^  1-^  ^' T-T  i-T  i£s"  co"  oo"  CO 


.^' 


:"e 


-t'Olr-iOOOCpCSrtfCOi-tlftt— coo 
?-)  CO  O  O  O_00  CCCTlO'^lOOOiriCOGOC^ 


.^5 


^^ 


ft,  S  o 


00  1-1  00  ^  (M  C»  CO  C-1  C-l  CO  CD  C-1  t^  CO  t-  00 

oT  cf  t-^  ic^  L-f  rH  t-T  o  00  o  I  -  Lrf  cT  ^ 'c  t-^ 

C50t'IM000505C5^CO'i«Tj<t-<MCOCO 


t-;U5r-<OOr)<pO--t-;i-HlOC5C-^00 
cDuit-^oood': 

<-i  Cq  CO  CO  IN  IN  • 


(N»00(NOO>-'^CO(NOC5tOT-(IMO© 
(Mt3,-l.-HCOt^C300tDOOCOOtOl-"S 
b-  t— rl<  CD  IQ  C^  -*  O  rH  CD^t^lo^iAoO^in  03^ 

cft-^o'o  t-i^cf  CO  cTco  lO  cd'cd  aTt^c-rc^ 
CO  eo -^  i-H  CD  t- Ci  1^  Ti*  c^  t- c^  coci 

CO 


O-^OOOSO^^O'^OOOlOO'^^OiCO 

^OOOCOLOOCOi-iOOOOCKM-^-^CO 

r-T  t-T  t-T  lo  (to  tJ"  o  cT  CD  cf  rf  ci"  cT  oT  00  oT 

CO^i-(CO^OCl*-'CO.-(C'lb-t^C-3  0lO 
(Mi-lC5         G^  C^ -^  rH  C<i  r- rt^  "^  CO 


I 


01 

o  a 


«5  c 

II 


>    0)  'rj 


:«  So. 


CO  00 
i-H  CO 


O'+'IOQOi-t  CD  t*0050  OOO  1MC5  O  t- C^ 

COi-hC-O-*.  OOCOCl'J.t'O^t-OO  OCO 

in^O^C-J^CO^CD^  •  O^OO^rj^'-^'^li^CO^OO  iq^OO^  ^^ 

o COCO 00 fff  ;  Q  r-TcD'cot-^e^co  t-^cT^  (-"^cj 


co^oa^ 

L-fo 


cc* 


05  CO 


t^CD 

CO  CD 
(N  C^ 


.^ 


^  <NCO 


H  .=■  ^  .S  ^LrH 

So 


^ 


« 


M 


§1^ 


-^.-^ 


oW 


w 


en        CTi  .-T'^  1/-.  f^        i-A 


M 


^ 


e  §  § 


OJ        lOODC^O 


00 


OOCOOCOint-'MOCD       ooo 
COCOCCCOt-(MC-1C5T-l        (NCO  t— C^^IO 


O  25  § 

OOCO 
00  CO  T-^ 


S«    3 


CO  o> 
tD  CO 


o 
oo' 


«5 
r—i 

S 

H 


o 


s 


^ 


.a. 


a 


S 


co;o 


.lOiooinooo 

.  t-;  ?)  O  CO  r-  o 

■  CO  -*^  -(JH  CO  o  o  ■■ 


:S 


.  ooo  coo 

.  CD  o  :o  O 


■  »-icoca< 


s 


C3C> 


.US 


:S 


88  .SSSS^S     .8 

t-^o4   '.  n  r^  "^  <6  la ai ""   I  co 

rH  CD     .  Ttl  r-(        t-        d  .  <N 


OOpCOQ 

•  coqcD* 
:  eoooo 


i3  .    S 

§8  :    3 

CO  lO 


^ 


P 


TO  00  O  <N  O  00  <XI  (N  CO        OOO 
oo  CO  ■*  oo  — i  T-H  lO  ,    rH  Oi 


Qt-^OOOOOTinr-UJ 
COC)C00010rHTJ<0>U5 
rHCD  .  --  J. 


T(l  CO 

C^CO 

(N 


Oi        OO  C<l  TO 

O        O  CO  O  TO 

Ti<  °"  in  oi  (N  in 

CO  CD  (M  CO 
COCO 


OO  CO 
C)  CD  T-H 
IM  (N  rH 


CO  •  O] 

00  '.  ci 

—•  .  CD 

J.  '-^ 


TOTOtOrHOTOTOOCOTOTOO 
003COCDrH'^0(?jOCDrH03 

lOO'd'OrHogjrHiocJrrQ     e^oJost-^cji'si 


>00-)"05  0>i 


oo 
oo 


UOl--t-»TOC005C-100        OCO 

c* 00 a  t- ■^ a> T-i  x> to     <M0< 

>HU5  rH  i-lO  <M 


rH        OincO  rH 

io-t<oco 
coco 


OCO 
CI  O 

'^co 


!g 


C3 

3   O 


|»  a^|fl5-g-S8 


M  a  fc  2^^ 

M  '-H  c:   ^  3  flj 

j!  >  5  -a  o  w 

Ph^K03</]CQ 


o   >>  >> 
*>   O)  o 

ft.  'I'  ^ 

5   03   0) 


3     • 
O     . 

•a  : 
o   . 

0  . 

t   '• 

ils, 

1  2 

rH     ^ 

H 


13 
O 

o 
o 


o 


Load 
factor 

eo 

t-H 

0> 

rf 

(N 

(N 

o>e<5 

f-« 

<N 

•H 

CO 

»H 

S|"5> 

*^    "S    C    !3    1 


6.5 


:^ss 


s^§i 


S^g«=«-ggg»..o-5;o^»-c„c-».c- 


00        coco        W        «D  00        t-        ^M 


OOUIOOO 
CO  CO  o  o  o  o 
LT^  O  O  01  C^  00 

o  ^  T-<  coco  CO 

O  t-  CO  •+  C-1  1-1 
Tf  C4  t-  rt  t-l  CO 


looo  o 

£--»<  -C  —1 
CDO  C-1  1-H 

b^  O  C-i  b^ 

lO  Q  OJ  OO 
O  CO'^IM 


•520       t-  tr- 
io 05  1-1        CI  10 

CO  -6  o  °"  o  ci 

'^i  o  en      T-t  o 

tr-r-n-l        CO  is 


W5 
I— I 
05 


a, 


^ 


•2^ 


!^ 


^ 


11 


I 


COLOOmOQ  COO*-<lO       ooc 

-i-  ci  IC  CO  -f  O  1-!  cj  «->     ' 

^  00  1^  •»*' 10  00  ^  CS  T-H 

00  c^      c^ 


•co 


CO  uo  o  ic5  o  o 

<-i  «0  .-H  CO  c^ 


CO  Ci  Ol 
-1  OS  T-( 


?3' 


CO  Q  rf  00  f-  e-1 

1<C0  «i-(  rt  CD 
IN  cq 


Tt<  00  C»  1 
LO  cdcDO  CO  oi 
000  w  o  t-co 
'a<T-<05i-i      t- 


lO"*  coo 
^  :o  CO  CO 
10  rt  oicd 
r-;oooo 

00<MO4(M 


s$ 


O  00  CD  .     CO  CO 

C5  t-O  "^CS  CO 


S' 


Tt<  -:*<  C5  t-(  00 -Ti* 

0<      i-(      eOii 


O      o 

— 1       o 
tM       CO 

in 


oeor-ooo 

o  <M_  ^  t-;  ■*  CO 

CO  -r  CO  i^co  ci 
S  t-ocicoco 

CO  -HOO  t- 


10  CO  10  .  . 

C5  C3  O  00 
t-r-1  C^C4 


CO  o 


rH         W  CO  CO  (s,  ■*  t-t 

"^     £- 1- CO  °^  in  ci 


CO 

in 


CO  — 


•y  gs-g 


1) 
«1 
I) 

J3 


I*  2  3  ^  13  3 

^-  2  rt  3  =5 


C3       v-i 


P. 


a 

0)    U    0^ 


00 


bo 

C3 

<a 
> 
(a 


n 


I— I 
05 

rH 

< 

< 
ft 

PC? 

O 


o 

H 
P 
PQ 

c/2 


o 


s 


01  ■''XiQ 


o&t'OfHOO^MeifHooooe'OO^O  wcDO 


•M  ■}{ 
Olf^l+S 


r-iejOOiHO'^'OCTOOCOOO  ff^  IN  ■<*' ©  t- (N o 


9  0)  +S 


1^  C^  C^  t-t  rH 


•*<DeOt»Oa-^^i-<iHOOi-HiO<Oi-tCCOSMiO'^rtt» 


ssa;  .10 
•MSI 


°'°aSS5:§SSS"?"SS?85*gJSS 


=1    w     —         • 


M?St-eoc-oooaoeoiH5hct«^cJt-c^iCcou3 


S  s 


8    S 


S     to 


CO  ^"^ 


ss 


00        lO 


>    O    t.^   Iq 


»-j  lO  a5  rH  »c  Oi  ■*  3  Tfi  CO  OJ -^  00  rfj  O  l>  C-j  U5 -^  O  so      I  O       <5       *^ 

i-(.-lW        M  COrH  e^  rH  F-t  ^  e5  i-(  e^  CO  a  r-(  r-l  r-(      I  ^       ^       ^ 


V 

R 


«J  K  *9 


Gq.^^ 


■To" CO*   t-t^gToi^ooo  «  Mof  "^ 
"■  t-soeicii-io 


Oiir;Tri>o-rrj"c]050*    t-- 


fCOiOOiOO^iOia^Qt-HOQeOOOOOOClQC 
__30  CT  CO  CI  'Xa0.a>COO3.-(eOi— iM-I'OrHl-COliiu 

i-t  W  r-i  03  eO  CO  rH -^jl  M  M       Oi  i-l  M       U3  W  CO  CO  O  0 


^  S  oo 

cJq-^       CO 
COQqi        riH 


—  R       to 

lis  i 


Sea  s 


0>t-(W0QP3t»'^'^gDOC0t-iHQ^'^0>C0FH2300 

uscoco^eor-eDi-tMi-iQt-t-oooCTt-QC" 
OOt-OCOeorjiOC-)(D(00>'«S<oO'*i:*rH^- 


C4CO       dC4C4U3C^^r-tf-(0 


»^  N  US  fl -^P  «C  r-l 


0»        CO 

CO       k3 


•s. 


jsaioj 


ixiOcou3«D«3oa)^icoc4Me4ooa>o^cot-u 


;v/J?7 


<0O)t>C>rHt-eOCO-^»QOkU3<pCDr-«OOU3iOCOepn 
fHCO       iH  i-H  r-t  t- f-t  T-f  rt       (N  eO-V       C^COiH 


imox 


■•tiOcoe^i-HOTeoocoeo^-tE-corHa'oostocCim 

OOCiU5eCi-(a3CSt-OC^»Dfr*^»OOTQ5'*t-OiC^ 
fHCO       i-lrHr-*t-i-(fHT-t       C^  ^^       C^OO^ 


8    S 


^ 


t:  c  o 

30'- 


g1J§^^ 


5£^gc2>.S»5ftS^ 


ii»a 


••a 
:  o 
■  o 
:^ 

•  u 

:  o 

£=^ 


I-  ^ 


o 


is-«i.a 

H 


W5 

to 


M5 
I— ( 

O 


< 

Q 

O 

H 

P 

pq 
I— ( 

H 

C/2 


CM 

e 

•5 


•N*^ 

^  c 


e! 


!44  '7f    I     e»«ooo«oooo^»cio»ciooaoo 
01  Miio  '  "^  "^ 


GOCOracO^OaOOOrHCDCOCQOO^f* 


8' 


g    5 


■MS 

SO/+S 


03    N    M    (O 


rH    r-t    5i   ^  ^    r-i 


•MS 

SOi  +  l 


SSil  JO 

■M  M  I 


t-0>«C00»rHiO00Or-lS<0«Ol5Dig  CO 


!S"2SS'°"a8S 


^o»aoco^r4eo«Hi 


e4    O    €4    r-« 


s^ 


S    g3 


40    CO 


t-4to*Hcooou3(-jaqcou3COiOO> 


lOOCiCQ.-it-COC'J^iOt-COt- 

't-<Do5u3'»j«'-rcoOT3s«Doot- 


El. 


$@3e9SSS^SSV3gS& 


'-g 


.    s  8        ^      ^^ 


f-4  ^ 


S3g2SSflSSSS882: 


s 


§s 


»-*    3    t 
so    00    Ol 


OsStSoD       ^QOOOr-tSiQOaOtH 
^-    .-«  i-l  1-4  C^  f-l 


4  ~^s-^- 


<B  o  c^  t-  o  to 

TO  i5  P  o5  o>  o 

S*"       M  t-^  W  t^  Tp 

OS  tH  t-  eg  ca 


t-  Sfl  o  o 

t^  C^  Q  to 

00  CO  o  t- 

S  S$  s  s 


la  oo  u3  o  O  to 

O  <o  »-<  Q  55    lO 

O  t^  ^  C^  t;    00 

i.-^  t^  O  -^J^  ep   1-7 

u3  la  t-  4a  CO  CO 


00=00 

2i3 


^1 


Ncat-t-w-^eooooi^i-tr-t 


to    O    LTO    rH 


Sto    eo   «   ifa    e-j   CO    ■«f 
CO     C<    fH    iO     fri    rt     C^ 


go    00    I- 


^ 

Si 

?^ 

o 

O' 

uu 

s 

s 

OD 

to 

CO 

sss 

00  "^  -^^ 


Popu- 
lation 
of  dis- 
trict 
served 

ci 

OS 

1 

oo 

«o 

QO 
CI 

t-    OO 

to   « 

2,947 
4,295 

7,680 

Si  a 

C4    kS 

1,278 

12,942 

8,981 

1 

g 

1 

Maioj 

to 

00 

s 

s 

t* 

S3 

g  '- 

'^    :  S 

^    CO 

•"a  s 

i  s 

m6i7 

i 

00 

z 

t- 

!2 

W 
^ 

1  1 

T-l    Q    O 

sic 

R  s 

CI    •T'    CO 

"=  s  ^ 

iH 

lO}0J, 

i 

3 

g 

g 

i 

1 

SIS 

S§ 

CD 

i 

I 


■^.i^s-5 


M  o  id  (►  -2 
£  <3    «!    a  'S 


i  o  f^  ^ 


o  o  £; 


■-;    1— 1    — <      (^      O      *-■    ---i 


a 

c3 

li-i  '-* 

a;   c 

03  OD 


s    -i 


o 

H 


Sis 

'a 


•a 

c3 

(-, 

bo 
B 

^§ 

Olio 

ll 

s 

o 


"I 

t.  a. 


fits 

o  o  s 
a  .< 


2ooJ 


«5 

f— I 
O 

I 

O 


O 


8 

e 

"a 


til?. 

w  R  ::r  -"^  :t> 

"^  c,  S  ~  5 


§^2 


^i?. 


"2.11 
v6  '-  e 


■3 
.a. 


«  35  -r  -r  -r  C-.  r-  ci  o  1-  o  CO  -^  t-  LS  —,  ;^  C-.  C;  -r  r- 
iO -x^  00  L^  M_ --;  3;_^  I  - -T  o  i«-,  ■  -  ^\  ~^ '-f. '-,  o -T  ta  •^__  o 


L^  ^1  rt  --C  -rJ  00  CO  O  h-  CO  ^  ^  C'-  CO  -r  C^»  C.  1^  •-•  1^  o 

cc  'w  I- 1-  T)  -H  -t«  o  (N  ^  -f  T*  t'  X  '^  cs  -^  cci  -r  ?i  >-o 
t-  c- 1-  ci  -1  c;  o  C-*  o  00  cc  —  71  ci  o  I-  CI  X  ^  ^  t- 


o  -*  --  o  X  o  —  05  -^  o  C-.  la  »  CO  —  -.a      c-i  vs  o  is 


«  CJ     .  11  r- t- Ti 


SOpOO       OO  QOOOOOOt-< 


;  c^      »H      n  cj  ji 


gS  =5       o  o       o 
c;  o      CO      o 

LO   —    w       •  iS  O       '  '-* 


.  -  r  .  -_  c;  c  CO    :  -^  i;    ;  o 


o 

:§  : 

•  x    ; 


:  o 


:  :8 
:  ICO 


S^icit-C500Ox*H      eocor^^-t— CS71CO  —  t-o 

>  O  -.S  X  CO  t-  O  —  CO     .  C5  CI  O  t-  O  O  UO  .-  C-l  T-l  o 

!  o  13  o  w  CJ  t-  ts  CO    .  CO  uo  CO  .I  «s  -I"  CI  -r  i-H  1—  cs 


COOi-iC'*^^     1>~<I^ 


»i  'I*  CO  Ci  T-l  C5  c^ 


t-cot-0'.siaooooco<scocoio-<cicoco^  —  c3-r 

Cl  uO  t*  »-0  —  X  -r  I'  ^  --  -r  —  -^  I—  L*  C»  -f  O  Ci  CO  CO 

eoot-c".  oco-.i-wX-rr-cixt5-rt-iix'.5C5n 


O  CO  X  O  Cl  O  X  X  C5  O  CO  CI  C;  1"  —  C5  O  lO  L':  CV  CO 

o  r.  -.*  3  I- 1^  ^  c.  --  Q  c.  uo  X  CO  c;  c^  O  CI  CO  C5  LO 
-r  CI  -^o  o_x^c^ -T  x^o  r- L-?  r--_i- ^x^o  X -r^is  o_ 
t- i-o  — crcs"i-cc'oci  CS»--l3lO  o'cOOCT^CO  t-x 

•-  -.5  .-1  e<<  C^l  ^  Ci  «  6l  rH         I-        •-•  C-1  •*  ■*  C)  CO  t-  C'l 


CO        CO 


2 


?g 


o 

o 
o 

o 

Si; 


O  -H 
CI  I" 
(-         CO 


CO 


O  .-I 

t-  c> 

o  o 

1-^  CO 


CO        <-• 

g  s 

CI    t.r 

1-      I-. 

C2 


^ 


I— 

CO 

->• 

CO 


o 

o 


■I 


^ 


C3 
3 

to 

a 


3 

cs 


n 

o 

3 
>< 

.o 

<B 

-*> 
3 
CU 

a 

o 


«5 

Ci 
I 


O 

< 

l-H 

g 

o 
< 

2 


•s 

3 

a 

a 


^ 


.5,5£.-Jli-3  5g   g   15.  ill 


e 


I 
05 


.  o 

.  o 
.  o 


2    2   5S2S2 


3 

I 


5  S  5  S 
-■  —  .J 


SS 


^  ■?  ■?  5 


fe;^- 


•5  ^ 


^■-s 


3 


**  -S 

%  3 


la  e  tsia  w  o  o  =  c  —   o   ricoocg 
»^£  fi^x  rr  5^2  5  ^  I-'    5    ?;  £  5  £  s 


■S.2 


t-.t- r:_^i=  rs  :s  x_— _—  £  i  ii  S  :i  m  ci  2 

^*  t-  —  "^  •-*  L~  y^ 'S  ^  ^  ^  CI  "^  t^  "^  if^  -^ 


o 

3 

■a 


to 


at 

3 
I 


52gS 


■31    :    ::-;!? 

5  °    .:      .    .  2    .  P 
^  "^  —  **^  ^   jr*   .^  **  -^      — 


o 

H 


o 

T» 

> 

4^ 

9 

2 

ll 

H 

•w 

u 

s 

E 

-«-> 

5) 

X 

rt 

u 

» 

9 

a 

o 

J3'*' 

'^j 

s 

-r 

"^ 

'S 

a« 

s 

tf 

^ 

?^ 

_, 

-f 

= 

■M 

O 

-*r 

=.i  a. 

3?    S    © 

■5  's"3 
— ^  a. 

ill 


CO 


o 

H 
H 


?  3 

ei 


•2'«  * 
|S  S 

•is  o  3 


•^  i  c  • 


1 


Si 


I: 

3 


o»i~.<Dtoo>e»«-iwe^Ne»«-<^o«oooc5LO(Mmt- 


oe<i'HO(NOi-io«HOOOOi-iO'-ie<5  0c^'-i'-i 


ki: 


•.S 


,Oi  1-1  Ift  o  ,^ 
.  -K  O  ri  t-  .CO 
.  (NOCNO     .O 


.  fH      ,      ,  toco  Ci  1-H 
.  O     .      .  M  C-)  O  to 


ptvd 
funouty 


•00  :•<*< 


:(N«^t000e0t0t-i<N;0'-lO»«C<N00OT}>00C^ 


la 


>iM:Do*-'»no«o«cooeoc<ic^?3'5;oc^h»C5 


-tt -. 


!S 


OlO  .00  ,(M  ,(MQ  .mO^OdrfOOO'^St- 
>0 -^  . -^  .  rH  .  rt  c3  .  O)  t- -•<  ^  CO  00  CO  ^  CO  t-H 
COO)     .  t-     .'I"     .Ot1<     .  O  t- Tt"  i-c  t- r-1  CO  00  (N  o 


CO  coos 


ptvd 
funomy 


..H  CO  O         O         •-•         t— 1^        C3  O  0»C  CO  (S  CO  OO  CI  2? 
OCO»4     ••*     •-*_    -co  ;£.'-<'-'       O  CO  IN  lOiO  CO 


rt  t^Oi-"  CO  rt  o 

«■•  .-  ^  —  ■ „,  «  ^ ^  -  ^,   -^^  1  -  _  TO  CO  CO  Ci  O  Ci  t7 

OSiiOCDCOOCOlCMOiN-^TH^^t-OOOOiOOb-O 


cocoh-»Hast;o-#t-oiuOTt<ia<: 

COt-OO^CO(NgOO?t-;C^'^t-t 


C^  ^  CO^  ^  rt^rt^COO-^t^C^Tji  cot-cocoes  CO  C^  CO 


h-OCCO'^OOOQ-HOOrlC 
OOQ'fCO.-HOSQt-QOC-' 
■*0'*ioi6t-SOC 


iriOlft-^OTt*lO»St™ift'^C50>50-:JH^l5ScOl-0 

<N'eoc4eo'cococO(N'a<'e^<o>-<coc^co(Nc4eie4e4c> 


•S  C  3 


QOlAiriinOOCOOOSCOOOOQ^OOO^QlCOlO 

•^uScocooiNT-juooit-tio-^^cot— oorpinoiai-co 
o6cO(>iriit-o6ocot-^coo-i^t-^-Hr^ocJo-Hir5u? 

T-ICOb-r-lin'*-t'^-H-t<COO<?SClCO^CjOCOCOCi 
C-1_C0_lO  ^iM_^0  C0_O  CO  00  i-i^lO  lO  Ci  -*  O  CO_^CO  (N__00_^O 

ci't-T     eocfeo"-o~cTef     i-Too  eJ^coi-J^co'oo'iN 


o 


O     .     <-i 

^^   .    o 

o>    .     CO 


CO 


g5oocoocnO(MT-i«oci>c^in-Hcooro-*C5S3»- 

QOt'COiOTt'rH^OCOC-JCOO'^^lOClt-t-OOCl 

CO  t-00  c^i-^co  u^TiH^co  t- iM  la  CO  coo^o  i^w  c^'^'-^ 
ic  cT  io~  cT  co"  o  ^  w" -^r  cT  ic"  cT -"jJ- co"  t-h' c^ 'iT  o  *^  TtJ"  CO 

b-t-T-lt-«it-COCOCOi-<i-iC<»i-HC^COCOt— COOOl-CO 
CO  CO  CO  rH  r-c  CO 


5=2 


CI  ^ 

00  Oi^ 

t-Too" 


( , ,  sxnpnfnumti , , ) 

UOtfOfS  pi  i9SU9dx^ 


8 

.9i 


§ 


T-t 


CO 

:  CO 


:U  :  :5 


CI  Cv| 
CO  tl 


o 

CO 


O    03 

C    CD 

no 


o 
o 

I 


a   . 


jj   t-   bens  ,^  fUT^   &+J  5;^  SijT"   M 

ooa3i59'«t;M.Sg2aSS 
OOp:;|i3i_)H)g^PLiP4pJaico<AH 


>»>. 

(1) 

o 

m 

n 

^ 

Of 

li 

^ 

^ 

:!& 

O   m 

!     Pi 

J.    « 

5<! 

^-< 

CO 


o 

H 
P 

PQ 

H 

J/3 


iO 


•^  1— I 


u 


W 
M 

o 
o 


"S-e 


•2-s 
£0-3 


s     ^ 

3  o  S 

•fe  «>  5 

■2S  o. 


>-  S  S   • 
a -2 


I 


^5) 


13 
S 

e 


s 


» 
O 


CO  »0  lO  CI  ^  i-<  OS  00  »0  t*  ^  (N  C>  00  00  CO    -4 

CO  05  o  »-;  <M  00  "^  CO  CO  iC  £N  00  CO  «3  iq   00 

i-«i-J  '  CO  r^   *   '^   '  •^   '   '   '  c4  '   *    O 


s 


(M   «>-<   >-l»-l 


e^T-1 


0,-- 


.-.£o;doi-<oooo 


piDd 
funoviy 


COt-COCOOOOOrHlO*-t 


,OOOJQ 


rtjOsc^c*oo*-HiOrri»-<L:icOi-icoOCOco 

O      *      *r4 C4     '      ' 


1^ 


0»-«COr-l^05C^CO»-'CSCQ'MOt— cot- 
CD-^  t^C-4CO(MOO^QOO«5oO'r'*^«> 
CO  O^  »  CO  -^iM  Oi^rf  CO  lO  O^       ^  ^  CO^OS 

t-Tco      i-T     ^  ^  v^ 


pivd 
tu7ioiuy 


ft,—  ?  fe 

!i1    — 


(N  lO  iJJ  lO  CO  «a '!<  • 


c4m<co;dt(<oti;c4 


oot-tooo«oo»oa)0«ooot-o 

inoOiftt-^t-iOOOOlOOOOCOO 
CJ£<3^eOc4Tl<eOrH!NCOM^«T)"CO>-i 


K  a  3 


COC^OCOt-Ot— ^IOMt— CSC^t^CJCD 


OOCiOOO*HOib-C<I(MQOi— OCltMOCO 


C50t— <N00OiC5O:>'—GO'^'^t-C^00CO 
11  r-i  iTi        tH*-hCO        <N         CO  CO  c^ 


(N>-101        CI  CN  rS<  tH  (M  rt  tC  ^CO 


(,,  9j.n}ovfnuvw ,,) 

UO})V)S  )V  S9SU3dx^ 


I 


CO         C-1Q 
CO         O  CO 


;5 


CO 

o 
o 


in 


o'.-<'" o 


CO 


in 


00  ■^ 


?3 


c< 


coco 
Clin 


bo 

hi 


o 

1 

in 

00 

pivdiunomy 

.-<  t^  q  06  ■*  -i;  CI  lo  in  o  lo  CO  t-;  >-; «  00  ^  o  rt  lo  CI 
t-1  lO  00  o  c<5 1-  cJ  cc  c:  cj  ci  00  ci  ^  o  o  o  t~^  o  00  CO 
T-.ooo5co-t<a)iooi-r-t-^cno«OT).c-jcJt-cci 

GO  W_L--.  CO  Ca^C-^CO  G^  C;  CO  CO  CO  O  (N  Ci^Oi  O  (M  CO  00  05_ 

c; 

i 

CO 

q 

.-< 

CI 

oq_ 

00 
t-H 

s 
1 

1 

1 

1 

(S)U93) 

»  Pios  „ 

a    .    .m    .    .m   ,    .    .    .05    ,   ,   .    ,  i-<    ,    ,    .    . 
CI    .    .  CO    .    .  lO    .    .    .    .  o    .    .    .    .  o    .    .    .    . 
o    .    .o    .    .o    .    .    .    .o    .    .    .    .  *-<    .    .    *    . 

d   ••■••■••••■••••■•••    • 

00 
0 
d 

in 

s 

pivdfunomy 

gi    ;    ;  lO    ;    ;  o    ;    ;    ;    ;  o»    ;    ;    ;    ;  o    :    ;    ;    : 
cfe  ;   ;       ;    ;c^   ;   ;    ;   ;  t-t   ;   ;   ;   ;?-*    ;    ;    I    I 

1 

1* 

(S}UiO) 

<l  Pios  „ 
•H-AV3-"><I 

CO     .O 03     .tot-     . 

::;:::*.  CO  :;:::::  r-1  ;  lo  CI  . 

O     .  C^ r-i     .  O  <^     • 

d   ■    ' "    '   ' 

00 
d 

CO 

q 

pwdiunoiuy 

CD    .to eo   -ooo    • 

in     'OS O     •  Tl<  00     • 

CO 

i 

i 

1 

00 c> 

S  :::::::::::::  :g  ::::  : 

d ■ 

i 
d 

; 

1 

fso2)unoiuy 

eo o 

^     : 

.1 

{S)Ui>j) 

u  Pios  „ 

; 



pivdtunomy 

^ 

I        ' 

03 

a 

g 

(S}Ud3) 

,lP10s„ 

05  f-l     -t^CO     «     •     •     .050COO     •     "C^OO     'r-IO     . 
rtTt"      -a"     •     •     •      -t-OO  — S     •     •«!-<     -Sti     • 
T-I.H      •N.-H      .     •      •      .CO  1.0  O^      •      .rlCO     -OO     • 

d   ■    ■   ■   ■ c4 

1 
d 

10 
q 

pwdfunoruy 

o  t-   •  in  in    .    •    •    .inoointo   •    .inm    .oo-^   • 

OSCO     't-t-     .      .      .      •l^OOt'r^      .      .t-in      -rHO     • 

§1 

eo 

00 

1— 1 

a  §5 
C5 

{S}U30) 
iiPlOS,, 

cioocooo^Ht^r-tototococsos    •toint-tocicoto 
r-<  —  CO  d  C3  05  -/:  ci  to  ci  -H  -+  T)<    .  in  o  cj  ci  io  o  CO 

r-Cli-lO'^OT-lt-'CvltO'.^OCJ      .rHT-im.-iOrHO 

eo 

H 

d 

°          1 

< 
« 
W 

pyodpinmay 

incoc^oinoooot^cT-^^coCTsto    •<5c:^T-<toooH*'^ 
op  ci  c<i  t- 1^  to  t^  t-  oi  ci  CO  -J  CO      in  M  CI  t-  lo  CO  lA 
sfeoo         dto         .Hto       :ria>o 

f5 

0 

fe 

II 
£<2 

(sjuaa) 
uPl"^^, 

•-l...rj<...t-. 

CO    .    .    ,^    ,    .    .  »-f    ! 

0...T-C...0: 

■•••  0  ••••••••  • 

d 

00 

q 

pivdjunotuy 

CI    .    .    .0    •    •    .eo    . 

:  I  :  :  :  :  :  :  I  :  :5i  :  :  :a  :  :  :n  I 

CO 

to 

in 

C5§ 

(stug:)) 

i,PIOS„ 

in   -    -t-   .coi— in    "^    -0   •   -m   .0    •    -t-   . 
0   .    .50   .in-ft-   .CO   .CO   •    .0   -o    •    -o    • 
t-i   .    .00    .  00  CO  in    .in   •  r-t    .    .  t^   .  th    •    .0    • 
ri ^   •    •    •    • 

in 

to 

C4 

d 

pivdfunomy 

CO    ■     .to     •  to  CI  CO     •  "-I     •  t-     •     •  C<1     •  0     •    •  ■*     . 

«•  •  •     •    ^    •     -^  ■  ■     •«  •  •     • 

0 

CO 

CO 

to 
00" 

1 

|iilil|ii|liJ|^lw^lll 

4^ 

§ 
0 
0 
1 

1 
0 

1 
1 

HJi \!{  ■'■',1 


CO  ^  »H  t*  O  00 
S  S  Q  K  5  tX 
f-(    So    ic    •'J'    CO    C5 


235 


OOt-*0C0OO00C00i»0-*< 


MOO 


pivd  ^unoviy 


SeOeOOO'QCJOMCOOCSCl'-HCOOi 
aj<:cc6>-<coOi'>t<aaM5iooir-i»oocD 


d"^t^OCOrH«5GOOiOOOt^001t^ 


o 


TJl 

w 

7/1 

X 

o 
:^ 

l-H 

Eh 

:^ 

W 

O 


c 


B 

a 


£% 


e 


S2 
e  C 


§3 


piDdtunomy 


(sjuao)  pjos 


O  ■-•  tp  CD  Ci 
O  -f  OT  <M  I-- 
iO   O   O    t-i   o 


-    O    Sa    •--    CI    (T. 

:  S  S  8  -  ■■ 


8  S 


GO     OS 

S  8 


pjorf  funomy 


cc  "2  ci  (rj  « 
o   -i*   JQ  w  ■'J' 


IM    «0    t*    CO    I 


•tf  Jl  'J^  •'■'J^ 


>S02  >MJ»Oi«^^ 


(sfuaj)  Plot 


<N    «i    £    ^    »-H 

t;  S  =  S  S 


t-    CD    C*    1-. 

CC     i-H     1— (     M 

o  ^  o  S 


py»(f  iwioiuy 


•H'Ji'X  -f^d 


e-lCDt^-CgcO-JCC'ICC-TC^CiOSt^T}. 


pzocT  ^unoiuy 


e^    CO    5P    •-•    CD    N 
-g«   e^    ^    UD   \-   OS 


CiCiltD>Q(DeopiO«~*0 


OiOOOWSOCOOSNCDCi 
SOCDCOCOrHl,     lOlOC^l-- 


r-tOi-Ht-iOC^lOO 


plOCf^UflOWl^ 


'H-Ji  X  -^^d 


;pCC*'5»CC052!-(C0M'Q0i-iOC0»C0Ql^ 


piod^UTiamY 


?2Q?3*i'~'C^'^c:'0>eooDcoeflO 


•H-Ai-X-'^d 


f-5      •  o   *c 


»c  t-  i^  CD  cr 

(^    c;    M    t—    Cl 

"      -    ^    00    M 


pind  lunovxY 


.  CO    CO 


:^ 


H'Ji'X-^^d 


pivdjunojuy 


■-'     .  ©  <»  !:H 
I—      ,   o   o   o 


-*  o 

S8 


CD»-lO>f?00C0t-f^'-JCDCp 
C'^.-IOlCDCO-*}*     CO»-HMCDr-l 


CM     O 


ptotf  ?ttnoM<^ 


CO-— 'oCDiAwi—'eNOl'OCS       .o5 

cSw»;5.-H^o0»-'::r-3»O'<^'0'     .eo 

**  r-T  N  1-H  ^  : 


SsS 


I 


o 
a 

2  5-^^ 
m  —  •-  p 

■<  n  b^  Kh)^  ;^ 


o 

b    O 


c 

& 

o 

S  o 

o  e 


a)    I-* 


•  a 


:  a 

U>    .—I 


o 


I— I 

I 

a 

I— I 

o 


o 

Pi 
o 


s 
o 

9< 


s 

o 


to'? 


s  8 


^g 


litis 

4 


ill "? 


!35 

4 


-g 

•o 


o 
o 


•  CO 


o 


o 
o 


CO'f-t^OOrti-icOC.iCOt-Q'S     "QOCOOINOIO     ; 

^  oi      o  t- 00  ^  o  ci  CD  o  c4 '-'_o6    •■ 

t-l  rH        ^ 


•  -i<  iri  t-i  Ttl  t-i  »H  la 


Sjg    2 


CO '^  CO  lO  •<*  00  ^  00  OJ  »-i  rH  (O  tH        O  CO  CO  ^  fM  li>  b- 

ir5  S Q >3 1- 1 CO :* w ici i< 1 00   .MOMcsim'^f- 


a 


CO  00        ''i* 

ITT  VH  CO 


ooo 

OiUi 

coe5 

COIM 


00     .         S 

CO    t       S 


oorjcomoooooi^ 
.-(COco-i'f5nn^(-. 

OOCOMC-ICOOOCO 


^g 


15  05»it— Qeo35eq 

c5§Tticococooo 

00-TCTO3lCU0C)CO 


eoio        N C^ CO  t- ■*  rl  »-l        1 


t-O^O'-IC 

»-*coco  c 


I'i'Ki 
CO 


e^c 

eoc 
o  c 


a 


=5-S  9 


OS'S  bOo'B-'SaJma^g 


§?=^ 


tn    1;    O    OJt-i    t-L^l^.tsflri'^ 


"   S   t-  3  S   »   » 


cS   _ 


a 
o 

S 


o 
^ 


3 
O 

"3 
O 
O 

o 


I  > 


is 
o 


3 


•a 

tlQ 


-a 

S 

1 
o 

O 


a 


0 

o 


Si 


'3 


CO 


•a 
o 
o 

o 

IZi 


o 
H 


o 

a. 


o 
o 


o 

n 


t^-y. 


o 

CO 


;  o 
•  16 


T-H 

Oi 

f— I 

! 

l-H 

05 

»— I 

S 

o 

;^ 

I— ( 

Eh 

o 


c 

a 
S, 


O  CO 

03  '  •  •  Ci 

CO  •  •  •  l-^ 

^  :  :  ;  ■* 


IS 


lOlO(Nt-T)<05T|ic<5cioC<5T)<00«)Tl<rj! 


OpC-lC-IC^OCOCOCOOUOOOCOQCIt-t 

•95coo^iot^»oooor^t^ia^ci^o 


(Nt-I'*t-<^        10 


oo»fi^icoociTt*w,-Hi-i^ir5coccco 


"SIS 


'"!£ 


^^1 


CO  O  O^O_^00  CC  C^  0_'4  iS  CO  10  CO  oo_o^ 

IJ^" (iT -^ O  00" C^ tJh" ■^^' Cs' t-^ 00  ^  i-T o" t-^  o" 
«COO»r-lt-.b-i-(C^O<<0'!J'INCN»-<0  0» 


s 


s 


CO 

i 


00 


Tt<  CI  CS  C<1  t- 00  00  <-!  O  Cfi  C5 '^  (O  O  CD  t—  00 

^C:t--rt<t-.OgCOT-iO*C5Cl-'*OCO  »-» 

Tt^cO-^OiOCOiOOiir^OcOCOOr-iT-iOS  TlJ 

iococit^oc>c^-i'-^';ooi'i*»OTi*iMo6  <n 


o 


n 


•a 


o 

00 


o 

CO 

18 


fe   2   S    i-T3        . 


^ 


o 


o 

I— I 
o 

W 
Ph 

o 


t^^l 

Ot-"- 

COeDOSC5eOt-COCOOO<NtBOt-OOr-cC 

CO 

2 

^■«'!& 

1—  O  O  CS^t-  f-H  CO  O  -^  00  CO  T-^OO  i-H^T-i  O^'^C^C-l.t-^'t 

C3 

s 

en 

rH                                                           »-l                                               r-i 

cT 

CO 

CO 

I- 

te,s  - 

tq 

^^-^ 

iOOTf(N'^C5Tf*iocomoocc:'0'-'OOc«:i'*f'+ 

a5ot-o«-*<So>t^coThoo^crj^a)Ocoi-oc^ 

odo<^^asc■^oc»o6(^^'-HlO■^rHOlrio1-Hl;0'-HOC 

o 

g 

.^  •? 

ai 

t^ 

w       •^ 

»Hr-1         r^rH                 t-i»— I^H          r-<l-H»HtHT-(         fH         t-i 

■w 

(^ 

s 

05Ti«C0C0OO^00rHl0t-aiO(N0:)OOC-^i-'C^'* 

00 

t^ 

•s's 

CO 

o> 

t 

i-I  ci  CD  t-^  1-1  CO  1^  -*"'  »o  H  c^i  c-i  ic  »-H*  CO  «  -^  '^  ^  ci  cc 

f-(iOooiOiO  !Moco-l<-t*'r-'fOco  CO  GTjCi  CO'— c;  t-x 

iri 

t-^ 

3   ^ 

in 

CO 

o'S 

(MOCiC^t'UOO<MT»^Ci«DClCOCiOCiOOCO'^r- 

in 

1— t 

1 

gg     ^'«cogf.ffi---     ^l^^•■^'c^^-•■-'cT--'J5=<: 

e 

^-» 

^ 

^ 

Sg^352o32??§g?S?S2jgsSS|Si|S 

m 

O 

fc^« 

r-( 

t— 

ti^ 

rHrt00O5Tt<^.-iT)<-HO3CO-*  •:)<_^_^l-^0  cj^o  o^ta  t-^       |       m_ 

t^ 

N§ 

fe 

-rtT 

CD 

Di 

(N                       H                       <-<.                      iH            lO 

CD^ 

C/j 

,o 

T-f 

'-( 

c^ 

fei 

tt| 

o lO OS    •    •« 

C-J 

b- 

5i  ~   S: 

c5 Oi O'-C^ 

r-l 

o 

•COO 

1-t t« rH'* 

CO 

05§ 

«© 

^ 

s" 

I5J 

ai-*oc5iO'HioioiqoO'd;o^coocr;L:;Ocoo- 

o 

^ 

o 

■* 

o 

*9 

C5 

o 

c. 

vS 

^ 

!-§ 

rH  lO         r-lrf         CO<MrH         rHO               iH  C^  CO               b- 1- 

CI 

^ 

CO 

CO 

g  o> 

rH 

t- 

1 

a 
1 

t» 

-1*^ 
«© 

■* 

i^-. 

fc>:-s 

P3(N<N<oiOr-it-o>ooocoeo-»'  o^oo  o  to  «  m  in  K 

-tHOOOt-^CO-^-t*C^lr-(OOOer>rMCOOr--OrC(MC 
CO  lO  «0  rH^O  CD  CO -H^Cl^CO  t-  CO  •*  -^00  O^-I^OO  t-  -:1H_— 

rf 

s 

CO 

^1 

CO 

CO 

rHia         rHCO'       McfiH               00                     T^'cf             <m"(N 

in 

r 

-*i 

: 

S 

C 

«at 

■O 

ti 

O 

o 

3 

o 

o 

^ 

fe 

& 

-§< 

c 

>H 

t. 

>> 

c 

o 

o 

•s 

a  ■ 

a 

>,s 

■te 

ig 

i^i 

8 
1 

< 

2 

1 

C 

6 
£ 

t 

a 

c 

1 

c 

b 

c 
c 

1 

t- 

I 

1 

c 
c 

c 
c 

1 

4 

T 

4 

a 
a. 

1 

■1- 

1 

1 

a 

4- 

1 

1 

u<i 

■>1 

p: 

-4- 

a 

-         1 

-1-9 

«5 


o 

I 

o 


< 

W 
P^ 

o 


M  T*<  05  00  O  CO  (M  00  00  ^  NC5  OlOWOO  00 

»-iCN00CCC1C-^OO"^<^0QOC0t-O'^  O} 

COCOlOOOb*Ot— 'OOCOrtt-t— i— tO^*-*  Oi 

odoiot't--ccoo6ioiot^i^c-ioooo 


§> 


g' 


s   => 
2  S 


c4  t-^  o  o  i-*^  ^'  :r  CO  to  -^^  ci  o  CO  ic  ci  C5 

CO  CO  uo  cc  00  lO  CO  t—  o  o  I-  r-  CO  c-  CO  CO 

^  CO  C-1  -f  CI  t-  CO  CI  O  CO  O  CO  CJ  r-H  cii- 


hi 


OOC5000^C5t-(N<NCOT-lOC5C105CO 
OOi-tCOrHClOCOCIClCOCDCJt-OOt— CO 

rt<OO^Hi-(^OCOOOO  O  CO  ^^^'^'^ 

OO  cTt-^lO  lo"^!-^ O  CO'O  t- lO  0^»-^  CD  b- 
03OC-C400CJOC5— iCOa'rjtIr-OCOtg 

iHi-Hio     >-(rtCO      C4     CO  coe< 


•  o^  -T  coco 


S-e. 


f^^t^C^^  CS  CO  CO  00  CO  lO  ^  »-<  CI  »o 

COCOtJh^CO  .Ot^Cl'^lC'-HCOC^CO-H 

OOCOHHCOlO  .CJlOODt-COCOC5t-^^rH 

OOCOt-Jt^  '(jirliociciTHrHCDCDt^ 

iH  i-l        tH  t-f  r-(  r-(  iH  r-l  1^ 


o 

00 
OQ 


s  » 
1^ 


ciocooOT    .-^cJoc-icocococSc^crj 

COi-cCOOi-H      .O  t- t-COOO^'*  rH_iaCDCO 
CO  Ui  Co'^-To^    ;  COr^r^C^iSr^iS       oTco" 


CO 
O 

o" 

O 


t4 


O-^lJ^OO-H        Ot^QC5CSOOOi-'OiO 

COrnC^CiO        CiOf      ~       ■' 

CO -^  OJ         tP      .  O  f-H  11  rH  tJ*  r^  tJ*         rf  lO 


s 


o 


SomooMoooooooesioo     t-o»o     m 
O  CS  O  O  O  O  Q  »5  O  O -T- O  00  »-<  ^        ^rtO        c^ 

.-<      'cOr-Jr-J      '     "i-<ciMi-<     '  IN  CJ  N -H      '        ,^  ri     '        yi 


C«5cC't-Ci-rCiOOt-iot'Clt-'<OlC«C<NcpC50tO         Cfi 

r~cj_-*  t-otoooaicoix>oio>_«tooooo-i;^0  t-mco_     o 


!^1 


t-  '*  CD  (?!  -^  ^ 

-4*  c^  a  <Z>  ia  t* 


•  CD  i>- r-i  CO  ,-H  CO  o  in  lO  ^      cot-o      »o 


f-lM  rH         1-1  C^  r-i 


s 


i§1 

■^^   fe   O 


s 
o 


t 
I 


-^  C5  O  »  ri  1-c  ■ ■ 


S^  C-l  CO  lO  CO 
CO  '-'  n  Q  C^ 
COOJ  COt-COlO 


H 


«00'M-S<t^OOCO>-'Q 
i-.C»t;tD<NOO(SOO 
OO-jJoif-i-^QlOirilOO 
M3'*(MC0i-ilQ'J't-00 


OCOO 
O  t^  O 

co.-'o 
o  toco 
lOtoei 


001Qt-»H'*C0O^e^«000!»05l0t-»0C^       oooio       o 

cocot-oas-^^QtHC-icoas-^^t— lot—     »-ic^w     o 

C0T)<»-<00C^t-;IOOl»'*Oi-;o<»t-;O>0        OCrHCO       O 


eooicotooosos^ooseqoooto© 

OOOlO»OI^LOC7)OWpliOOOOO^O 

cj^iAoococOf-Jr^irsQciiioQQb^coo 
oiOTjtocmMe-irHCiWcocoioS'^osO 
^o^M  lO  c-  la  00  CO  o  ^i-i  <o_r-<  t-  lo  co  o 


e^ooooco 

CO  (NC  00  00 

E;  00  o  CO  ^ 

2  lo  « CO  e^ 

'S'  CS  IC  t—  t- 


1-;  30C0C 

;  '*'  eo  -^  CD    ;  CO 


S55SS85; 

s 

:25 

CO  IM  coco 

t:-a>cooo 

:§ 

•IS 

oe5     ^ 
:  CO  t   :  ei 


CO  ^  ^ 

i<  eood 
Oi  r-oo 

CO  COi-( 


O  00  "l""* 

o>  CO  i;>-; 

.  i«  .  o  .  CO  CO    . 

.  t-  .CO  .■^'*      . 

.CO  .CO  .  Or-I     . 


COCO-»< 
COIOOO 

CO    .       cir4o 

CI     ,         00  I'  Q 

ino,o& 


to 


.  I 


4^    0    O 

a  o" 


s  a 


OJ3 


3S 


"S-S  o  £  C  C£  o- 5-^  o  3'C  o^  §      5£«     (® 


>  o  >» 

-2  It* 


a 

o 


o 


S5 


OS-* 
00  00 
CO(M 


•#  00 
CO  CO 


coo 
CO  m 

©    * 


lOO 

co'oo 


rt  CO 
CO  00 
CO  00 


C3M 

c:i »— 


3  a 
o.S 

o  o 
o  o 

o  o 
S5S5 


o  o 


n 

(4 

a> 

a. 

3 

a 


o 

o 

£? 

o 

5 

•a 


3  3 

if 

.■^ 

a>  g 

03 

— '  u 

»5 


i 


«5 

I-H 

OJ 

»— ( 

I 

T— I 

05 

I— I 


a:; 
O 

£ 


S 

H 

;2; 


"5 


•« 

S  SPS 

■s 

gsgi 

C5 

«»                      CO 

sa 


e 


oq   CO   o;   00 
C»   53  iH   CO 


s  s 


g  8 

:    :  S  S 


« i.  -  p 
:^  a  ^  ^ 


f-t  <P   eo   CO    S   O      .    ?i 


:5 


^^2 

'S:^^ 


S  3  S8 


o»  lO  tH  (D  CO  53  55 
in  o  <0  t-  C^  Q  O 
bi  t-  w  w  us  *  .-< 


8    00 
-J* 


it! 


1^ 


o 

S 


^55 


a 


5"=: 


a.. 


'<" 


ft 
s 

o 


a 
S 


Ot*^IO00C0OC4 


e4  CI  CI  .  .  lo  C4 


"3  S?  S?  S  S  S  S  ' 

I-  o  o  g  o  o  o 

t-^  CO  w  o  o  ■^  *o  ' 

eo  ■*  .H 


§i§ 


CO  fH  g>  2 


CO  op  N  3  o3  M  N 


CO     rH  i-( 


S  5  s  s  s  s  S  i     I  S  S  i  ®  S  5 

CI    I-4I-J    C^^fH       cf    r^    •* 


»0  rH  «5   .CI   ,  N  eo 

g  S  B  :  a  :  ^  ^ 


88^ 

S 

5S 

?s 

^  tS  <s 

•  i2 

:  S  S    : 

;  i5§ 

ci  CO  *^ 

;    r-t 

.    00   <o 

rH            »" 

•  •<*« 

•    liS 

•               f* 

Ml' 

s 
s 


.-«  iH  »0  t- 


&  S  8   S  8 
S  8  «  :  s  S 


<OtOC5i~'0>«-^t^*OCOOsaoo>"oovt~ 

cicio»oooocici.-H'^oci^oedeo 


«  00  O  t-  M  1 
tH  '^  '^  ^  CO  I 

t-ioo-*eo«DC»co3co 

CloOiOTjiWiOOO^'^O 
kOcJ»Or4i-*U30    C»CO 


<p    rH  U7  04  ^  CO 

«    t-  (D  O:  ti  rH 

06    CO  rH  tH  «  0_ 

cJ  *-*  CO  CO  o 


11 


i  5 


o 
H 


^1 
t«3 

' — '  Qi 
O. 

fd 

■no 
*a 

4A-M  (U 

OH** 

.-Oh 

feOO 

00  *«J 

cOj2 

»-■»  I 
o       - 

OD 

3    I 

C  <V  M 

m 

«*•  m 
0*H-i 

OSJo 

tins 

oi  g 
?|a 

"So 

«ki 

■»l 

«"§ 

^  O  M 

oo— 3 


CO 


I— I 

05 
I— I 

o 
S 

H 

W 

o 


Eh 
W 

H 

(X! 

O 
H 

8 


to 

s 
o 


O 
Eh 

(—1 

B 


2"°  S 

■■3?3'§ 


«-^? 


o  o  t- ci  eo  10 'J' ©  w  (o     00  00  u5  «  «  00  r-(     cntocsio 


(NOlNl-l.-lOrldeq'^ 


05  t~;  r-J  T)H  •>1<  ^  00 
O  O  CO  rH  si  r-<  O 


ii§i 


OlfflOO(Mi-(0       I— >H-*0 


.§■ 


"S. 


0>^-  B  B  " 

2?  S  g  t^  S  S 


oooinioooinoooo  cQoooQOoinioo 
t-^MOoiocJoJiot-^c^iOrnOr-Jowioooc-JeotD-a! 

I  I  I  I  M  I  I  +  I ++   +++ I ++ I  M  I 


oioino 

O  CO  c*^  o 
CD  in  CO  00 


i^  "71  v»j  ^r  t_j  ti^  Hj   iij  TT^  >»-  ^-^    c«  "-I.  -^r  l^  ^J"  »*-v  ^-^  v^'  »iJ  w'j  i^_i 

iri'DocoodcDiacoocD^oOoJaJi^icocJcicooN-rt^ 


ll 


S5 


^  ft .~  '5  S  ^ 

^    S    ;£  S  --^ 

B.s^is-iS 


rH'X'OC^t^'-'COO-TOO  CO^HOO^i-H^O^  C^C-l^t-^-^ 

co-*"oooincot-rooio"  oTcTeooocoo'cT  "^'sS-JS 

T-IO        CN(NC003r-lr-<  CO        i-n-tOt—  T-KNCDCO 

1-1  1-^  T-l 


in'-i-l<COr100>-(C-)OCO~inio<»OCA_t-;-*-S;02m>-;00 

o»ftwc:ococ>-^cooSc^if<<^^^icot^iocDcoc-ico 

S  C^b  t-;.-^  CO  CO^CO  CO  CO  SO»  J5  CO  CO  CD  0,t-^Cn  m  in  00  00 


Hi 


T«0 

'■  eoci 


■^ 


^i 


SgBX^^^ 


2  g~oS 


^iCoinooQoodc^^ 

O  (~  CO  VJ  CO  00  09  lO  ■*  00 

m05_  (n  (M  e^ -a^^oi  t-i 


CO  005  Oi  OiH  t- 
CD  in  lO  O  CO  -^  rH 

■^       1-t  Ti  lot- 
to 


t-ooe^o 

•^  T^  CO  C» 

fflCOl-ff^ 


f 

a 


a 

"5  c^  e«  la 


a  ^ 


at  o 


a 

Kr,**  a;  o 


3  o-S  bco  «;j=  5-S  a     :2gSg"fe^     -So.®:: 

a  £  <«  '^  5  -c  ° 

S  ^  Pm  fti  W  CC  02 


<)  M  M  O  O  O  W  tS  i4  h^ 


^i 


CO  o 

CO  05 


lOO 
CO<M 

CO-* 


in  o 


COCO 
C-JCO 

oo 
oco' 

COIM 
t-C5 


COCJ 

mo 


coin 
3^ 


coco 

CO  1-* 

cTin 


Sh^^ 


o  o 
o  o 

o  o 

^!25 


o  o 


I 


J= 

cs-a 

« 

ie-o 

fr- 

9 

"is 

.a 

a 

.a 

a> 

-«A 

^ 

ta 

■D 

^-o 

e 

bo 

CJ 

a 

1 

2 

■0 

o 

(B 

,a 

H 

-4^ 

o^ 

0? 

a> 

a 

n 

■s 

•M 

o* 

•n 

d. 

o 

d 

" 

o 

a> 

4^ 

a 

rt 

<a 

o 

q 

a 

o 

^ 

a> 

> 

o 

n 

0)  ^ 

•a 

s. 

a 

INDEX 


Abandoned  municipal  plants,  13, 
16,  32. 

Accounts,  uniform,  prescribed  by 
Commissioners  in  Massachu- 
setts, 37,  38,  46,  47;  suggestions 
regarding,  384-366. 

Adams,  Alton  D.,  on  municipal 
electric  lighting  in  Massachu- 
setts, 26-28,  30,  71. 

Advertising  for  new  business,  340. 

Allegheny,  municipal  electric  plant, 
29. 

Alternating  current,  91-92  {foot- 
note) . 

Amesburj',  101,  116,  164. 

Annals  of  the  American  Academy  of 
Political  and  Social  Science,  arti- 
cles on  public  ownership  in,  31. 

Appliances,  sale  of,  311,  350. 

Appropriations  from  the  tax  levy 
for  municipal  plants,  177,  237- 
238;  purchasing  plants,  242,  246; 
see  also  Appendix,  426  and  466. 

Arc  lamps,  use  of,  for  street  light- 
ing, 125. 

Ashburnham,  70  (footnote). 

Assessed  value  of  generating 
plants,  154. 

Attleborough,  146. 

Auditing,  in  municipal  plants,  321, 
351. 

Auditor's  fees,  municipal  plants, 
192. 

Avebury,  Lord,  opposes  public 
ownership,  35. 

Bad  debts,  193. 

Balance  sheets,  175-177;  purchas- 
ing plants,  245-246. 

Barker,  Forrest  E.,  224  (footnote). 

Belmont,  70  (footnote),  146. 

Bemis,  Edward  W.,  20;  studies  in 
municipal  ownership  criticized, 
22—23   29. 

Beverly,'  133,  161,  166. 

Binghampton  (N.Y.),  32. 

Blackstone,  84. 

Boilers,  capacity  of,  89-90,  93; 
boiler-rooms,  300. 

Bond  issues,  regulated,  41,  49,  52; 
interest  on,  212-213. 

Boston,  municipal  ownership  in, 
discussed,  18,  19,  146. 

Bowker,  R.  R.,  24  (footnote). 


Bozell,  Harold  V.,  33, 

Braintree,  59. 

Bucldey,  W.  J.,  book  on  "  Electric 
Lighting  Plants  "  discussed,  14. 

Burdett,  Everett  W.,  opposes  pub- 
lic ownership  in  England,  34. 

Buzzard's  Bay,  99, 133, 165,  passim. 

Cambridge,  146. 

Canada,  municipal  electric  plants 
in,  33. 

Candle  power  of  street  lamps,  126. 

Capitalization,  control  of,  by  Board 
of  Gas  and  Electric  Light  Com- 
missioners in  Massachusetts,  49, 
52,  224. 

Census  Bureau,  Federal,  referred 
to,  5;  census  of  1890  (electric 
light  plants  in  New  York  State) , 
13-14. 

Census  of  Electric  Light  and  Power 
Stations  in  the  United  States, 
1902,  reviewed,  28-29;  referred 
to,  33  (footnote),  59;  for  1917, 
referred  to,  2,  284. 

Central  electric  stations,  compara- 
tive data  for  the  United  States, 
9-13;  in  Massachusetts,  55-68; 
local  conditions  in,  300-305; 
passim.  See  also  "Generating 
stations." 

Chicago,  municipal  ownership  in, 
17-18,  19,  29;  street  lighting 
plant,  56  (footnote). 

Chicopee,  69  (footnote),  71,  74,  100. 

Christie,  A.  G.,  33. 

Civil  service  regulations,  some 
employees  of  municipal  plants 
under,  334. 

Clark,  Evans,  quoted,  33  (foot- 
note). 

Clark,  Walton,  quoted,  30. 

Cleveland,  municipal  plant  in,  11 
(footnote),  31. 

Coal,  pounds  used  per  kilowatt 
hour  generated,  95-96;  cost  of, 
185-186. 

Commercial  lamps  per  customer, 
114. 

Commissioner  of  Labor  (U.S.), 
Fourteenth  Annual  Report  (on 
public  ownership  of  water,  gas 
and  electric  light  plants),  re- 
viewed, 24-26. 
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Commissions,  with  power  to  regu- 
late municipal  electric  light 
plants,  41  {footnote). 

Commons,  John  R.,  referred  to, 
16  {footnote),  18,  19;  writing  on 
municipal  ownership  criticized, 
20-22. 

Companies,  lighting,  organization 
of,  in  Massachusetts,  47-48;  con- 
trol of  stock  issues  by  Commis- 
sioners, 49. 

Competition,  prohibited  by  law  in 
Massachusetts,   48-49,   51. 

Complaints,  handling  of,  311. 

Composite  plants,  62. 

Conoerning  Municipal  Ownership, 
journal  opposed  to  public  owner- 
ship, 32. 

Concord,  71  (footnote),  134. 

Connected  load,  total,  113,  116- 
117;  commercial  lighting,  114- 
115;  power,  115-116;  relative 
distribution  of,  118-119;  kilo- 
watt hours  consumed  per  kilo- 
watt connected  load,  122-123; 
other  analyses,  120-124;  in  pur- 
chasing plants,   137-138. 

Consolidation  of  lighting  plants  in 
the  United  States,  10-11;  legal 
provisions  relating  to,  in  Massa- 
chusetts, 48;  increasing  tendency 
toward,  62. 

Construction,  new  (1914-1915), 
174-175;  in  purchasing  plants, 
245. 

"Control"  in  the  lighting  business, 
163-164;  of  purchasing  plants, 
244-245;  possible  advantages  of 
central  control,  364. 

Corruption  in  municipal  manage- 
ment, 330-332. 

Costs,  per  kilowatt  hour.  See 
"Unit  costs"  and  "Street 
lighting." 

Current  lost  and  unaccounted  for, 
100-104,  308-309;  in  purchasing 
plants,  135. 

Customers,  deposits  may  be  re- 
quired of,  46;  compulsory  serv- 
ice to,  46;  relative  number  of, 
108-110;  current  used  by,  111- 
112;  in  purchasing  plants,  136- 
137;  complaints,  311. 

Danvers,  first  case  of  municipal 
ownership  in  Massachusetts,  37- 
38,  59;  passim. 

Darwin,  Leonard,  Major,  opposes 
municipal   ownership,  35. 

Davies,  Emil,  favors  public  owner- 
ship, 35. 

Dead  assets,  method  of  handling, 
if       167,   166;  in  purchasing  plants, 


244;  amount  of,  in  generating 
plants,  321 ;  in  purchasing  plants, 
352. 

Debt,  provisions  regarding  the  in- 
curring of,  by  municipal  plants, 
41,  43;  outstanding,  177;  annual 
payments  of,  214;  of  municipali- 
ties under  public  and  under  pri- 
vate ownership  contrasted,  275, 
279. 

Decreasing  costs,  law  of,  as  applied 
to  electric  light  plants,  194. 

Deficit  of  municipal  plants,  175- 
176,  229. 

Deposits  required  from  customers, 
46,  311. 

Depreciation,  yearly  rate  esti- 
mated, Buckley,  14,  Foster,  15; 
Parsons'  views  on,  18;  Commons 
against  a  depreciation  fund,  22; 
included  in  the  cost  of  service 
for  municipal  plants,  24;  pro- 
vided for  by  law  in  Massachu- 
setts (rate  now  3  per  cent),  42- 
44;  companies  not  required  to 
write  off,  44;  method  of  hand- 
ling, 156-157,  175  ( footnote); 
unit  cost  of,  213-214;  compara- 
tive rate  of  (1910-1915),  215- 
223;  funds  carried  as  assets  by 
rnunicipal  plants  and  as  liabili- 
ties by  the  companies,  216;  atti- 
tude of  National  Electric  Light 
Association  on,  218;  in  purchas- 
ing plants,  250. 

Detroit,  municipal  street  lighting 
plant,  19,  20,  29,  31,  56. 

Differential  rates  approved  by 
Commission,  45,  53-54. 

Direct  current,  92  (footnote). 

Distribution  costs,    188-191. 

Diversity  factor,  94;  defined,  98,  117. 

Dividends,  54,  58;  rate  of,  214;  in 
purchasing  plants,   251. 

Dunkirk,  municipal  light  plant, 
14,  20. 

Dynamos,  91-93;  per  capita  rating, 
94. 

Edgar,  Charles  L.,  quoted,  30. 

Edison  Electric  Illuminating  Com- 
pany of  Boston,  62-53  (foot- 
note), 59. 

Efficiency  of  distribution  factor,  102. 

Eight-hour  day,  adoption  of,  265- 
266;  enforcement  of,  335. 

Electricity  charged  to  municipali- 
ties at  cost,  45. 

Employees,  average  number,  257- 
260;  wages  and  salaries,  262-264; 
local  conditions,  334—339;  af- 
fected by  civil  service,  when, 
334;    foreigners,    335;    qualifica- 
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tions,  335;  hours  of  labor,  335; 
conapensation,  335-336 ;  length 
of  service,  336;  reasons  for  dis- 
charge, 336 ;  sick  leave,  holidays, 
etc.,  337-338;  unionization  of, 
338;  in  purchasing  plants,  354. 
See  also  "Labor,"  and  "Wages." 

Expenses,  annual,  defined,  42-i3; 
comparative  (in  Massachusetts), 
61.   See  also  "Unit  costs." 

Extension  of  service,  policy  regard- 
ing, 309-310,  341;  in  purchasing 
plants,  348. 

"Fair  return,"  53-54. 

Fall  River  case,  49. 

Financial  results  of  operation, 
sundry  comparisons,  generat- 
ing plants,  225-229;  purchasing 
plants,  250-251. 

Foote,  Allen  R.,  13. 

Foster,  Horatio  A.,  survey  of  light- 
ing plants  re\aewed,  14-16;  re- 
ferred to,  20. 

Francisco,  M.  J.,  book  opposing 
municipal  ownership  criticized, 
16;  referred  to,  20. 

Free  service,  received  by  municipal 
plants,  24,  316-317;  rendered  by, 
315,  317. 

Fuel,  proportionate  cost  of,  14; 
comparative  statistics  on,  95-96 ; 
cost  per  kilowatt  hour  generated, 
184-186. 

General  office  expenses,  192. 

Generating  stations,  equipment, 
8&-94,  300-305;  economizers, 
300 ;  "  housekeeping,"  302 ;  venti- 
lation, 302-303;  location,  303; 
reasons  for  stopping  the  genera- 
tion of  current,  303-304;  objec- 
tions to  the  present  condition, 
342;  public  opinion  on  the  ques- 
tion of  ownership,  342-345. 

Geneseo  (111.),  32. 

Geneva   (N.Y.),  private  plant,  29. 

Germany,  municipal  electric  light- 
ing in,  35  {footnote). 

Gloucester,  133,  161,  190,  191,  193, 
204. 

Great  Barrington,  101,  165  {foot- 
note), 166. 

Great  Britain,  public  ownership  in, 
34-35. 

Groveland,  70  {footnote). 

Harvard    (Mass.),    244    {footnote), 

251  {footnote). 
Hingham,  70  {footnote). 
Holding    companies    abolished    in 

Massachusetts  in  1913,  224. 
Holidays  for  municipal  employees, 


laws  regarding,  265-266;  when 
allowed,  337-338. 

Holyoke,  44,  60,  61,  67,  69  {foot- 
note), 133,  151,  172,  179,  194- 
196;  sells  current  for  street  light- 
ing, 207  {footnote);  280. 

Holyoke  Water  Power  Company, 
271  {footnote). 

Horizontal  combination  in  the  elec- 
trical industry,  48,  62. 

Hours'  use  of  maximum  capacity 
of  generators,   98-99. 

"Housekeeping"  of  plants,  302. 

Howe,  Frederic  C,  35. 

Hudson,  69  {footnote). 

Hull,  63  {footnote),  69,  74,  206. 

Hydro-electric  plants,  in  Massa- 
chusetts, 48,  49  {footnote),  57, 
59;  future  of,  368. 

Illinois,  municipal  plants  in,  56 
{footnote). 

Income,  per  kilowatt  hour  sold, 
196-205;  operating,  206;  net. 
206;  percentage  analysis,  207; 
per  dollar  of  investment,  208 ;  per 
customer,  208;  per  capita,  208; 
per  kilowatt  connected  load,  208; 
per  kilowatt  capacity  of  dyna- 
mos, 209.     See  also  "Rates." 

Indiana,  municipal  plants  in,  56 
{footnote). 

Insurance,  policy  of  municipal 
plants  regarding,  21;  computed 
to  find  costs,  24;  comparative 
rates.  Appendix,  436-437;  for 
purchasing  plants,  246,  Appen- 
dix, 470-471. 

Integration  in  the  electrical  indus- 
try, 48,  62. 

Interest,  in  municipal  plants,  15; 
on  total  investment  of  public 
plants,  21,  24,  27;  bonds  of  muni- 
cipal plants  in  Massachusetts 
not  to  carry  more  than  5  per  cent, 
41  {footnote);  amount  and  rate 
of,  212-213;  reasons  for  comput- 
ing on  total  investment  in  order 
to  find  real  cost,  237-238. 

Investment,  comparative,  15;  total 
(municipal  plants),  158;  compari- 
sons of,  159-165;  per  kilowatt 
capacity  of  dynamos,  165-167;  in 
station  and  real  estate,  168;  in 
distributing  system,  169-171;  in 
municipal  plants  purchased  from 
private  owners,  171-172;  other 
analyses,  173-174;  per  dollar  of 
operating  income,  208 ;  in  real  es- 
tate, 219;  for  purchasing  plants, 
242-245. 

Iowa,  electric  central  station,  opera- 
tion in,  bulletin  on,  33, 
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Ipswich,  71  {footnote),  99. 
Isolated  electric  stations,  10  {foot- 
note). 

Kilovolt-ampere  rating,  91  {foot- 
note). 

Knoop,  Douglas,  book  on  municipal 
ownership  referred  to,  35. 

Labor,  proportionate  cost  of,  14; 
comparative  cost,  15;  and  politics 
in  Chicago,  17-18;  unit  cost  at 
station,  186-187;  distribution, 
1  188-190;  average  number  of  em- 

ployees, 257-260;  comparative 
efficiency  of,  260-261;  legislation 
adopted,  265-266.  See  "Em- 
ployees." 

Lamps,  commercial,  114-115; 
street,  124-128;  renewals,  205, 
and  Appendix,  416-417. 

Land,  area  of,  in  districts  served,  143. 

Lee,  193,  204. 

Leominster,  146. 

Lines,  commercial,  129;  street,  130; 
per  mile  of  streets,  130;  per  cus- 
tomer, 131;  underground,  132; 
in  purchasing  plants,  139;  cost 
of,  161,  244;  local  conditions, 
305-308;  in  purchasing  plants, 
349-350.  See  also  "Poles," 
"Transformers,"  and  "Meters." 

Load  factor,  importance  of,  82,  84; 
defined,  97,  98.  _ 

"Loss   in   operation,"  defined,  43. 

Ludlow,  244  {footnote),  251  {foot- 
note) . 

Lunenburg,  70  {footnote),  146,  245 
{footnote). 

Maltbie,  Milo  R.,  35. 

Management  and  Miscellaneous 
costs,  191-193. 

Managers  of  municipal  electric 
lighting,  provided  for  by  law,  42; 
duties,  42;  bonds  required  from, 
321-322;  authority  of,  325,  329; 
length  of  service,  325-326;  quali- 
fications of,  326-327;  member- 
ship in  technical  societies,  327- 
328;  State  Association  of,  328; 
political  activities  of,  328;  sala- 

.  ries,  329;  integrity  of,  discussed, 
330-331;  quality  of  service  ren- 
dered by,  332-334;  attitude  of 
companies  toward,  334;  in  pur- 
chasing plants,  352-353. 

Manchester,  244. 

Mansfield,  71  {footnote),  74  {foot- 
note), 100;  sells  current  for  street 
lighting,  207  {footnote). 

"Manufacturing  cost,"  184,  188. 

Marblehead,  71  {footnote). 


Martin,  T.  C,  14,  31  {footnote). 

Massachusetts,  Bureau  of  Statis- 
tics, 5;  Waterways  and  Public 
Lands  Commission,  5,  141 ;  High- 
way Commission,  5,  142;  Secre- 
tary of  the  Commonwealth,  5, 
266;  Tax  Commissioner,  5,  268, 
passim;^  State  Forester,  5,  142; 
Industrial  Accident  Board,  5. 

Massachusetts  Board  of  Gas  and 
Electric  Light  Commissioners, 
referred  to,  2,  4,  5,  passim;  law 
creating,  36-37;  policy  of,  49-54; 
active  supervision  of  municipal 
plants,  282-284;  suggestions  re- 
garding policy  to  be  followed, 
365-367. 

Annual  reports  of,  3, 19, 33, 365, 
passim;  annual  returns  required 
by,  criticized,  364r-365. 

Matthews,  Nathan,  studies  in  mu- 
nicipal street  lighting,  19 ;  oa 
Holyoke  Case,  71  {footnote). 

Maximum  demand  factor,  98. 

Maximum  net  rate,  202-205;  in 
purchasing  plants,  249. 

Merrimac,  71  {footnote),  74,  146. 

Meters,  rental  of,  45  {footnote), 
202;  at  station,  testing  of,  301- 
302;  308-309;  customers',  inac- 
curacy of,  310-311. 

Michigan,  municipal  plants  in,  56 
{footnote). 

Middleborough,  69  {footnote),  74. 

Middleton,    70    {footnote).   . 

Miller's  Falls,  72,  74. 

Minimum  monthly  charges,  ap- 
proved by  Commission  in  Massa- 
chusetts, 45;  for  light,  202;  for 
power,  205. 

Motors,  115-116. 

Municipal  Journal,  favors  public 
ownership,  32. 

Municipal  light  boards,  legal  pro- 
vision for,  42,  325;  character  of, 
331-332. 

Municipal  lighting  plants,  method 
of,  acquiring  in  Massachusetts, 
38^41. 

Municipal  ownership,  law  provid- 
ing for,  in  Massachusetts,  out- 
lined, 38-49;  action  taken  by 
municipalities  regarding,  72-73, 
344;  reasons  for  adoption  of,  339, 
354. 

National  Civic  Federation,  Report 
on  Municipal  and  Private  Opera- 
tion of  Public  Utilities,  men- 
tioned, 19;  reviewed,  29-31;  Re- 
port on  Commission  Regulation 
of  Public  Utilities,  34. 

National   Electric   Light   Associa- 
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tion,  theory  regarding  deprecia- 
tion, 218;  does  not  admit  mana- 
gers of  municipal   lighting,  327. 

National  Municipal  League,  pub- 
lications referred  to,  31. 

Needham,  59,  74. 

New  business,  little  effort  to  secure, 
on  part  of  municipal  plants,  340. 

Newburyport,  215. 

New  York  (State),  1890  census  of 
electric  plants  in,  13. 

New  York  Public  Service  Commis- 
sion, 34,  237  {footnote). 

North  Adams,  146. 

North  Attleborough,  70,  71  {foot- 
note), 74,  146. 

North  Brookfield,  2^2{  footnote)  ,2\i.. 

Norwood,  85,  136,  140,  151,  256. 

Note  issues,  of  municipalities  to  be 
certified  by  the  Director  of  the 
Bureau  of  Statistics,  41  {foot- 
note) ;  of  companies  not  regu- 
lated, 52;  to  cover  losses,  155, 
224;  interest  on,  212-213. 

Office  room,  frequently  inadequate 
in  public  plants,  302. 

Oiiio,  reports  on  78  public  plants 
in,  32;  rank  in  the  electrical  in- 
dustry, 56. 

Oklahoma,  municipal  plant  opera- 
tion in,  33. 

Operating  ratios  compared,  207. 

Output  of  current,  various  analy- 
ses, 97-107;  station  use,  100;  un- 
accounted for,  100-104;  develop- 
ment of  different  classes  of  busi- 
ness, 105;  per  capita  analyses, 
106-107;  sales  per  customer,  111- 
112;  in  purchasing  plants,  134- 
136;  reasons  for  purchasing,  303- 
304.  See  also  "Purchase  of  cur- 
rent." 

Parsons,  Frank,  articles  favoring 
municipal  ownership  criticized, 
17-19;  referred  to,  20,  29;  quoted, 
30. 

Pasadena,  municipal  plant,  31. 

Paxton,  245  {footnote). 

Peabody,  59,  passim. 

Pensions  for  municipal  employees, 
265. 

Perrine,  F.  A.  C,  20;  quoted,  23-24. 

Pittsburgh,  private  plant,  29. 

Plant  accounts,    154. 

Plant  cost,  depreciated,  156;  gross, 
156-158. 

Plymouth,  116,  164,  215. 

Plymouth  County,    142. 

Poles,  relative  number  of,  133-134; 
in  purchasing  plants,  139;  cost  of, 

;     162. 


Politics  under  public  ownership,  17- 
18,  21;  in  connection  with  Mas- 
sachusetts plants,  281,  328,  331- 
332,  360-361. 

Population,  grouping  of  plants  ac- 
cording to  inhabitants  of  dis- 
tricts served,  64-66;  growth  of, 
145-147;  density  of,  147. 

Porter,  Robert  P.,  opposes  public 
ownership  in  England,  35. 

Power  factor,  91  {footnote). 

Premium,  stock,  58,  214. 

Price,  regulations  affecting  changes 
of,  by  municipal  plants,  44;  by 
companies,  45. 

Prichard,  Charles  E.,  30. 

Prime  movers,  90-91,  93. 

Profit  and  loss,  surplus,  58,  176- 
177;   income,   212. 

Provincetown,   242   {footnote). 

Public  ownership,  probable  future 
of,  367-369. 

Public  Service,  opposes  municipal 
ownership. 

Purchase  of  current,  increasing,  62- 
64;  comparative  data,  97. 

Purchase  of  materials,  methods  of, 
329-330. 

Quincy,  116,  146,  191,  193,  204. 

Randolph,  242  {footnote). 

Rates,  comparative,  15,  17,  22,  25; 
differential  upheld,  53-54;  in 
Massachusetts,  60-61 ;  average, 
197-200,  202-205;  commercial 
lighting,  201;  power,  201-202; 
street  lighting,  205;  maximum 
net,  202-205;  in  purchasing 
plants,  249-250;  voluntary  re- 
ductions in,  313-314,  350. 

Reading,  71  {footnote). 

Real  estate,  comparative  value  of, 
167;  in  purchasing  plants,  243- 
244.  See  also  "Valuation  of  es- 
tates." 

Renewals,  depreciation  allowance 
expended  for,  44,  217. 

Rent  of  offices,  rarely  paid  by 
municipal  plants,  192,  246. 

Repairs  and  renewals,  comparative 
cost  of,  190,  218-221. 

Roads,  length  of,  in  districts  served, 
143. 

Rosewater,  Victor,  on  comparisona 
of  public  and  private  ownership, 
26. 

Salaries,    unit    cost    of,    191-192; 

average,  262. 
Sales   of   current.    See    "Output," 

and  "Rates." 
Schaff,  Morris,  quoted,  54. 
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Schedule  for  local  survey,  outlined, 
287-293. 

Seekonk, 146. 

Serial  bonds  only  to  be  issued  by 
municipal  plants  after  1913,  41. 

Shaw,  Bernard,  favors  municipal 
ownership,  35. 

Show-rooms,  few  in  municipal 
plants,   340,  350. 

Shrewsbury,  136. 

Sick  leave,  when  granted,  337. 

Single-phase  system,  301. 

Sinking  funds,  discussed  for  public 
plants,  22;  none  to  be  created  by 
municipalities  in  Massachusetts 
after  1913;  payments  to,  included 
in  cost  of  service,  45;  amount 
paid  (1914-1915),  214;  part  of 
the  cost  of  street  lighting,  238. 

South  Hadley,  70  {footnote),  280- 
281. 

South  Norwalk,  municipal  plant, 
29,  31;  financial  policy  of,  238 
{footnote). 

Spencer,  84. 

Springfield  (Mass.),  report  of  spe- 
cial committee  referred  to,  19 
{footnote),  rate  case  (1893),  53. _ 

Stock,  dividends  of,  not  allowed  in 
Massachusetts,  49;  issues  regu- 
lated by  Commission,  49,  52-54; 
amount  outstanding,  177;  in- 
crease of,  in  1914-1915,  224. 

Street  lamps,  arcs  and  incandes- 
cents,  125;  per  capita,  125;  candle 
power  of,  126;  wattage  of,  126; 
number  of  hours'  use  per  night 
and  nights,  use  per  month,  127.  _ 

Street  flighting,  cost  of,  to  munici- 
palities owning  their  generating 
plants,  various  analyses,  230-239 ; 
in    purchasing   plants,    251-253; 
quality  of  service,  312,  314-315. 
Streets  with  overhead  lines,  130. 
Sunderland,   251    {footnote). 
Syracuse,  32. 

Taunton,  69  {footnote). 

Taxes,  not  paid  by  municipal 
plants,  15;  Commons'  views  on 
loss  of,  by  municipalities,  21; 
taxes  lost  are  really  a  part  of  the 
expense,  24;  increase  in  unit  cost 
of,  for  companies,  182  {footnote), 
193;  amount  lost  under  pubhc 
ownership  computed,  234-245. 

Tax  rates,  comparative  (1910-1915), 
267-268,  274-275,  278-279. 

Thompson,  Carl  D.,  bulletin  on 
municipal  electric  lighting  criti- 
cized, 33  {footnote). 

Toledo,  private  plant,  29. 


Transformers,  line,  relative  sizes 
of,  103;  cost  of,  103;  other  data, 
134;  in  purchasing  plants,  135. 

Two-phase  system,  in  some  muni- 
cipal plants,  301. 

Underground  construction,  devel- 
opment of,  67-68;  extent  of,  in 
companies,  133;  cost  of,  161. 

Unionization  of  labor  in  Massachu- 
setts plants,  338. 

"  Unit  costs,"  total,  181-183,  193- 
194;  manufacturing,  184;  fuel, 
184-185;  wages  at  station,  186- 
187;  distribution,  188-191;  man- 
agement and  miscellaneous,  191— 
193;  in  purchasing  plants,  24&- 
247. 

United  Electric  Company  (Spring- 
field), 74. 

Urban  population,  143-145= 

Use  factor,  124. 

Utilities  :^ Magazine,  favors  public 
ownership,  32. 

Utilization  of  maximum  detnand, 
124. 

Valuation,  theory  held  by  Massa- 
chusetts Commission,  52. 

Valuation  of  estates,  comparative 
increase  in,  267,  270-274,  276- 
278;  per  capita,  267. 

Ventilation  of  stations,  302. 

Vineyard  Lighting  Company,  97 
{footnote),  204,  215. 

Voluntary  associations,  required 
to  make  annual  returns  to  the 
Commission,  47;  attitude  toward, 
53;  extent  of,  in  the  lighting  busi- 
ness, 62,  83,  84;  other  considera- 
tions, 223-224. 

Wages,     relative,     262-264.      See 

"Labor,"  and  "Employees." 
Wakefield,    63    {footnote),    69,  74, 

158,  206. 
Wellesley,  report,  32,  59,  70,  136, 

146. 
Westfield,  69  {footnote),  101. 
West  Springfield,  74  {footnote). 
Weymouth,  164,  215. 
Wniiamstown,  84. 
Winchendon,    165    {footnote),   166, 

193,  215. 
Wisconsin,    public    plants    in,    56 

{footnote). 
Wisconsin    Railroad    Commission, 

34,  237,  284. 
Worcester  County,  84,  142. 
Working  capital,  154  (footnote). 
Workmen's     Compensation     Act, 

265-266. 
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